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The material for this study was collected at Darlington, S. C., 
where the plant grew normally and produced good seeds, Collec- 
tions of young ovules were also made in Bonn, Germany, but they 
are here represented only in fig. 1. 

Our knowledge of the spermatogenesis of Cephalotaxus is confined 
to the work of STRASBURGER (18) and of ARNoLDI (1). Twenty- 


seven years ago STRASBURGER described the development of the 
embryo quite accurately for the stages observed, but he did not secure 
young proembryos. ARNOLDI has described the gametophytes and 
proembryo, but he has overlooked certain interesting peculiarities 
and is in places not sufficiently clear. 

Material is not yet at hand to determine the development of the 
young ovule in detail, and its early history will not be considered 
here. However, one figure is given (fig. 1) from material collected 
January 5, 1902, at Bonn, to show the interesting midwinter condi- 
tion of the ovule. This is about nine and one-half months after 
pollination and the pollen tube has developed into a large sac which 
occupies a great part of the tip of the nucellus. The body cell and 
two vegetative nuclei are noticed near the center. In the massive 
lower part of the ovule is the megaspore, not yet divided. This 
winter condition will at once suggest the great difference between 
the genera of the Taxeae in regard to the time elapsing between the 
critical points of pollination, fertilization, and maturation of the seeds, 
In both Torreya (CouLTER and LAND, 6) and Cephalotaxus the 
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time between pollination and maturity of the seed is about eighteen 
months, but the relative length of time between pollination and fer- 
tilization, and fertilization and maturity is reversed in the two genera. 
In Torreya fertilization follows in about four months after pollina- 
tion, while in Cephalotaxus about fourteen months elapse between 
the two events. We find, therefore, that most of the growth of the 
ovule follows fertilization in Torreya, and precedes it in Cephalo- 
taxus, 

The ovule of 
Cephalotaxus at the 
time of fertilization 
is quite large, over 
1.5°™ long, and the 
prothallium is well 
developed; while at 
the same stage, the 
ovule of Torreya is 
only about one-fifth 
as long, although at 
maturity it is much 
larger than the ovule 
of Cephalotaxus. In 
Taxus the ovule 
matures in one grow- 

Fic. 1.—Pollinated ovule in winter condition. Bonn, ing season, fertiliza- 
SO Fee eee: ne tion following pollina- 
tion in about two months, As a result of this very rapid sequence 
we find that at the time of fertilization its prothallium is extremely 
small and delicate—more so than in any other gymnosperm, with 
the possible exception of Torreya. 

The pollen grain of Cephalotaxus divides before being shed 
(STRASBURGER, IQ) and there are no prothallial cells formed. The 
tube contents show the normal structure, the tube and stalk nuclei 
lying just in front of the body cell (fig. 7). ARNOLDI states that in 
‘““manchen Fallen” one can make out three nuclei in addition to the 
body cell in the tip of the pollen tube, and adds that, as regards the 
contents of the pollen tube, Cephalotaxus may be distinguished from 
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all other conifers. These observations I cannot confirm, as all the 
pollen tubes examined had the usual two vegetative nuclei as in 
Taxus, Torreya, and other Coniferae.* 

In the spring of its second season the pollen tube still grows very 
slowly, remaining broad and sac-like until about two or three weeks 
before fertilization, when it rapidly penetrates the short distance to 
the female prothallium and spreads its tip over the neck of an arche- 
gonium, ‘The body cell which has been growing slowly all the time 
now shows the structure indicated in fig. 2.2. Its protoplasm is very 
dense and shows well-marked radiations from a denser point just 
below the nucleus, The nucleus occupies a very eccentric position 
near the upper side of the cell, thus indicating the unequal division 
that is to follow. 

When the tube becomes flattened out on the neck of the arche- 
gonium, the stalk and tube nuclei may be touching or slightly pressed 
into the body cell; usually, however, they are at a greater distance 
from it. 

A few days before fertilization the body cell divides into two 
sperm cells of unequal size, the lower being in every case the larger. 
The difference in size is not so great as in Torreya taxifolia (COULTER 
and LAND, 6) or in Taxus (BELAJEFF, 3) but it is nevertheless 
decidedly constant. In the seventeen pollen tubes that appeared in 
this stage in my preparations, the difference in size of the two sperm 
cells could in every case be easily made out. In two of three super- 
numerary tubes that had been left over after fertilization, the nucleus 
of the smaller cell had grown larger than the other, thus obscuring 
to some extent the unequal distribution of the protoplasm. In jigs. 
3, 4, 5 are shown three pairs of sperm cells of unequal size. It will 
be seen that each sperm cell is quite distinct from its fellow and from 
the protoplasm of the pollen tube. Soon after their formation the 
smaller cell tends to round itself more quickly than the larger (jig. 5). 
Another indication that the two sperm cells are not of equivalent 
value is that the nucleus of the smaller may not be so dense as that 
of the larger (fig. 4). 


t It is probable that ARNOLD1I’s material varied at times from the normal, as I 
suppose also to have been the case in my material of Podocarpus, where three vegeta- 
tive nuclei were found in the pollen tube. 

2 For jigs. 2-17, see PLATE I. 
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Each pollen tube applies itself to but one archegonium, and in 
fertilization only the forward and larger of the two sperm cells is 
functional. ARNOLDI (1) in his study of Cephalotaxus does not men- 
tion any difference in size between the two sperm cells. He probably 
overlooked it. In Torreya taxifolia CoULTER and Lanp find that 
the two sperm cells are very unequal and that, as in Cephalotaxus, 
each is distinct from the other. In Torreya californica, however, 
Miss ROBERTSON (17) cannot distinguish any division of the proto- 
plasm between the two sperm nuclei. She says: ‘these two nuclei 
seem never to be surrounded by separate masses of cytoplasm, agree- 
ing in this respect with Pinus.”” She finds that the two nuclei are of 
equal size and believes that only one of them is functional. 

In Taxus baccata, according to BELAJEFF (3), STRASBURGER (19), 
and JAEGER (8),3 the very unequal sperm cells are quite distinctly 
separated, and JAEGER finds their nuclei of equal size. 

In my work on Podocarpus (4) I found that only one functional 
sperm cell was formed, one nucleus being thrust to the surface of the 
cell. In the two preparations showing this stage, this nucleus did 
not seem to have any separate protoplasm of its own, but I would 
not be sure of this without further investigation. 

We find then, in summarizing our present knowledge, that all the 
Taxaceae so far investigated show but one functional sperm cell, and 
that in the Taxeae proper (with the exception of Torreya californica) 
there are two distinct sperm cells of unequal size, the difference 
being more pronounced in Taxus and Torreya than in Cephalotaxus. 

In Pinus (Miss FERGUSON, 7), Picea (MIYAKE, 12), and Abies 
(MrvakE, 13), the two sperm nuclei lie in a common protoplasm, but 
the forward one is the larger and alone is functional. According to 
MourRRILL’s (14) account one would suppose that in Tsuga the two 
sperm cells are distinct, but the nucleus of the forward functional 
cell is decidedly larger, as in the other Abieteae above mentioned. 
It would seem, therefore, that in all gymnosperms whose pollen 
tubes fertilize but a single archegonium there is but one functional 
sperm cell (Taxaceae) or sperm nucleus (Abieteae).+ 


3 JAEGER’S fig. 34 shows a distinct line between the two cells, but he says: “ Die 
Umrisse der kleinen generativen Zelle, die von Archegonium abgekahrt ist, erkennen 
wir nur undeutlich, sie ist nicht so stark gefarbt, wie die grosse generative Zelle.”’ 

4 The peculiar multiplication of the number of sperm cells found in conserva- 
tory grown material of Cupressus Goveniana by JUEL (Flora 93:56-62. pl. 3. 1904) 
is probably abnormal. 
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The archegonia of Cephalotaxus vary in number from two to 
five; three is a common number in my preparations. They are 
always situated in the micropylar end of the prothallium and are 
never in contact with each other for any distance and only rarely 
touch each other at any point. They are extremely long in com- 
parison with their width, and are sharply pointed below. The 
usual shape is represented in fig. 12. The one shown in fig. 9 is 
shorter than usual. The jacket is not nearly so well-developed as 
in some other conifers, and is frequently interrupted by ordinary 
cells (fig. 12). 

According to ARNOLDI there are two neck cells (he mentions no 
exception), but in one case I found as many as five neck cells and in 
several cases three and four, all in one plane. In fig. 6 a neck of 
three cells is shown from above. Occasionally the tip of the arche- 
gonium pushes beyond the neck cells, moving them to one side (jig. 
7). Up to ten or fifteen days before fertilization the archegonia have 
very little protoplasmic contents. The nucleus at this time is small 
and is very close to the upper end. ‘The protoplasm begins to thicken 
rapidly just before the division of the central cell, which occurs about 
ten days before fertilization, The ventral canal nucleus is without 
any distinctive protoplasm of its own, as ARNOLDI has already pointed 
out, resembling in this respect that of Podocarpus (COKER, 4), Taxo- 
dium (COKER, 5), Cryptomeria (LAWSON, 11), Thuja (LAND, 9), and 
Juniperus (NOREN, 15). Miss RoBERTSON found the spindle of the 
division in Torreya californica, but no later stages. In fig. 8 is shown 
the ventral nucleus and the egg nucleus soon after the division. The 
former is at the upper surface of the protoplasm. In fig. 9 the canal 
nucleus is shown in its usual position, but there is the curious abnor- 
mality of two other nuclei in the egg. The canal nucleus sometimes 
moves away from the surface and approaches nearer the egg nucleus 
(fig. 10), but this must be considered an abnormality. The canal 
nucleus generally disappears before fertilization and cannot be demon- 
strated at that time. 

In Darlington, S. C., fertilization took place, in 1903, from the 
fifth to the eighth of May. The necks of the archegonia are at this 
time at the bottom of the pits formed by upgrowths of the prothallium. 
The pollen tubes reach the archegonia before these pits are formed 
and the advancing prothallium grows around them. In case 
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there is no pollen tube above an archegonium, the growth of the 
prothallium may close the pit and bury the archegonium completely. 

Both sperm cells are discharged into the egg, but the two vegeta- 

tive nuclei may remain behind. The larger sperm cell advances to 
the egg nucleus, the sperm nucleus sinks into it, and the sperm proto- 
plasm gradually surrounds the fusing nuclei, exactly as I have already 
described for Taxodium. Figs. 11, 12, 13, 14 show stages of approach 
and fusion. The second sperm cell remains above (figs. 11, 12) 
and may approach pretty close to the fusion nucleus (fig. 14). 
ARNOLDI (1) says that soon after the sperm cells enter the archego- 
nium, the protoplasm becomes mixed with that of the egg. He does 
not observe the sperm protoplasm investing the fusion nucleus. 

The contribution of the sperm protoplasm to the proembryo 
has also been observed in Torreya by Miss ROBERTSON (17) and 
CouLTER and Lanp (6), in Cryptomeria by ARNOLDI (1) and Lawson 
(11), in Juniperus by NorEN (15), and in Sequoia by ARNOLDI (2). 
In Lawson’s (10) work on Sequoia he does not confirm ARNOLDI, 
but finds that only a very small amount of the sperm protoplasm 
enters the egg with the nucleus, the rest remaining behind in the pollen 
tube. This odd behavior is similar to the process of fertilization in 
Taxus as described by BELAJEFF (3). There is no starch in the sperm 
cells of Cephalotaxus such as is found in Taxodium, Sequoia, Cryp- 
tomeria, and Juniperus. 

The first division of the fusion nucleus occurs near the center of 
the archegonium. The spindle is very small compared with the size 
of the nucleus and is entirely intranuclear. Fig, 14 shows an early 
stage in this division. The sperm protoplasm has not yet entirely 
invested the nucleus. In fig. 15 the division is complete and the 
two nuclei are approaching the base of the archegonium. Two 
extra nuclei are shown above—one is probably the second sperm 
nucleus. The next division occurs before the proembryo has reached 
the base of the archegonium. Three of the four nuclei produced 
by this division are shown in jig. 16. 

In fig 17 is shown the eight cell-stage which now occupies the 
base of the archegonium. Five of the eight nuclei are in the section. 
These eight nuclei now divide again simultaneously, and after the 
formation of the sixteen daughter nuclei, cell walls are formed for 
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the first time. Fig. 18 shows this stage just at the beginning of the 
cell wall formation. The cells are not arranged in regular tiers 
throughout, being most irregular in the central region, At the upper 
end are two fairly even tiers, and the tip is occu- 
pied nearly always by two superimposed cells. In 
archegonia with more rounded bases, which appear 
occasionally, there may be two cells side by side 
in the tip. 

After the formation of cell walls the sixteen cells 
divide again to form thirty-two, and it seems prob- 
able that the upper tier divides 
horizontally to form the rosette cells 
and suspensors. I have not found 
any case, however, where the rosette 
consists of free nuclei, as is so 
common in conifers. The cells of 
the more or less regular tier above 
the suspensors are enclosed in the 
cell walls, and occasionally one or 





Fic. 18.—Sixteen 
celled proembryo 
more of them may divide horizon- with cell walls be- 


tally. In fig. 19 the thirty-two si al 
cell-stage is represented. The upper ~ > 

tier (r), which answers to the rosette of five cells; 
the next tier (s), which forms the suspensors, also 
contains five cells; while the remaining cells are 
not in regular tiers except near the tip, where there 
are three distinct tiers, the upper of two cells, the 
two lower of one cell each. 

The suspensors now begin to elongate and cell 
divisions occur in any of the cells of the middle 

Fic. 19.—Thirty- Tegion below the suspensors and above the two tip 
two-celled proem- cells. These divisions are no longer simultaneous, 
bryo just before byt occur here and there as in ordinary growth. 

In fig. 20 is shown an embryo in which the 
suspensors have just begun to elongate. One cell 
of the upper tier has divided into two, and the number of cells in 
the middle region has increased somewhat. 





the elongation of 
suspensors. X185. 


The two tip cells show 
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no signs as yet of the disorganization that, according to STRAs- 
BURGER (18), they are to undergo. The protoplasm of the tip cell 
is somewhat less dense than the others, but not markedly so. The 
nuclei of this cell and the one above it, however, 
are much larger than the others, and the cells give 
every indication of being actively secretive. At 
this stage they have been driven some distance 
downward into the prothallial tissue, but instead 
of being crushed by the growth behind they seem 
to be opening the way for . 
the progress of the embryo. oe. 
As I have not yet secured ehh - 
stages immediately following i tds 
this, -I cannot determine the \—- 
ultimate fate of the tip cells. 
It is certain, however, that ~ 
they persist for some time in 
healthy and active condition 
Fic. 20.—Slightly at the tip of the embryo. 
older proembryu; A much older embryo is 
suspensors elongat- represented in fig. 21. Above 
ee *9, 19°3- the crumpled suspensors and 
si embryonal tubes three abor- 
tive embryos are seen. These are probably 
the products of three additional archegonia, 
as it certainly is not the normal thing for an 
archegonium to produce more than one em- 
bryo in Cephalotaxus. In none of the pro- 
embryos seen did the suspensors show signs 
of separating, as they do in many other 
conifers, and from the structure of the pro- 
embryo this does not surprise us. 
ARNOLDI (1) does not state definitely the 
number of cell divisions before the formation of Sie seen: Ses 
walls in the proembryo, and from his descrip- 





Fic. 21.—Older embryo 


with abortive ones above. 


tion one would suppose the cells to be arranged in more definite tiers 


than they actually are. As to the rosette, my observations agree 


with STRASBURGER’S (18), that the cells composing it are enclosed 
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in walls and may divide after their formation. In one figure he shows 
each rosette cell divided into a group. According to him the embryo 
proper is formed from the group of cells lying between the tip cell 
(or cells) and the suspensors, and the tip cell is destroyed. 

In comparing the proembryo of Cephalotaxus with that of its 
relatives, we find that it shows some resemblance to Taxus, but 
very little to Torreya. In Taxus, according to JAEGER (8), cell 
walls are not formed before the sixteen cell-stage at the earliest, but, 
as one would expect from the shape of the archegonium, there is no 
long and narrow cell at the apex of the embryo. In Torreya, accord- 
ing to Miss RoBERTSON (1'7) and CoULTER and LAND (6), cell walls 
are formed in the four cell-stage. In Torreya californica the organized 
proembryo consists of an exposed rosette, a tier of four or six sus- 
pensors, and a “cluster” of tip cells (Miss RoBERTSON, 17). In 
T. taxifolia, however, the proembryo entirely fills the archegonium 
with twelve or eighteen cells, all closed, and in this stage passes the 
winter (COULTER and Lanp, 6). Cephalotaxus, Taxus, and Podo- 
carpus are the only conifers so far examined in which cell walls are 
not formed in the proembryo before the sixteen cell-stage. 

CHAPEL Hitt, N. C. 
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EXPLANATION OF PLATE I 

Fics. 1, 18-21 are in the text. 

Fics. 2-17 reduced one-third. Magnifications accordingly are now only 
two-thirds the number given. 

Fic. 2. Body cell, stalk nucleus, and pollen tube nucleus in tip of a pollen 
tube that has reached the prothallium. April 21, 1903. 670. 

Fics. 3-5. Sperm cells ready for fertilization. May 5 and 8, 1903. 670. 

Fic. 6. Neck cells seen from above. 670. 

Fic. 7. Neck cells pushed to one side. X 250. 

Fic. 8. Ventral canal (v) and egg (e) nuclei in tip of archegonium. X 370. 

Fic. 9. Archegonium showing ventral canal nucleus and two other nuclei 
below. X 150. 

Fic. 10. Upper part of archegonium with egg (e) and ventral canal (v) 
nuclei. X 370. 

Fic. 11. Upper part of archegonium with functional sperm cell approaching 
egg nucleus, and second sperm nucleus above. May 5, 1903. 670. 

Fic. 12. Archegonium and pollen tube just after fertilization; fusing nuclei 
in center and second sperm nucleus above. X 150. 

Fic. 13. Fusing nuclei with sperm protoplasm on upper side. 670. 

Fic. 14. Spindle of first division of fusion nucleus; second sperm nucleus 
above. X 370. 

Fic. 15. Two-celled proembryo with two nuclei above. May 8, 1903. X 250. 

Fic. 16. Four-celled proembryo near base of archegonium. X67o0. 

Fic. 17. Eight-celled proembryo in base of archegonium. 670. 
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TOXIC LIMITS AND STIMULATION EFFECTS OF SOME 
SALTS AND POISONS ON WHEAT 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 
LXXXVIII 


G. H. JENSEN 
(WITH THIRTY-FOUR FIGURES) 


That the vital activities in plants may be inhibited or accelerated 
by many mineral salts has long been known in a general way. Hith- 
erto the problem has been attacked mainly from the standpoint of 
toxic solutions. The work which has taken into consideration the 
influence of a poison in soil has invariably been done with native 
soils. In these there are always present a great variety of chemical 
agents which may individually or collectively react with the intro- 
duced poison, and hence no fundamental conclusion can be deduced 
therefrom. TRUE and OGLEVEE in 1904 (42) showed that the 
toxicity of a solution was reduced by the introduction of solid insol- 
uble particles. This first suggested the possibility of comparing 
results obtained from plants grown in solution and in soil. The 
limited extent to which these authors carried their experiments, 
however, gave us no more than a suggestion of the possibilities. 
Previous experimenters, furthermore, have dealt mainly with small 
parts of the plants, such as the root-tips, determining their limit of 
endurance. 

The present work was undertaken with the purpose of ascertain- 
ing the toxic limit for the whole plant in both solution and soil cultures, 
and thus to make comparisons of the two conditions; to ascertain 
the effect of pure quartz sand in raising the toxic limit for a given 
poison upon the same plant; to add to the knowledge of stimulation 
effects of poisons in solutions; to discover whether these effects 
were also manifested in soil cultures; and to secure evidence of 
comparative absorption of different poisons by the same sand. 


Historical 


The literature dealing with toxic effects on plants divides itself 
naturally into two classes; first, that which deals with the lower 
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plants; and second, that which deals with the higher plants. The 
studies of toxic agents on algae and fungi, while they bear upon the 
present paper only indirectly, frequently furnish valuable data for 
comparison. Unfortunately the determinations have been made 
with different ends in view, and have been tabulated in such a way 
that only here and there can the most general comparisons be made. 

LIVINGSTON (23, 24, 25) has made perhaps the most valuable 
contribution to this work on the lower plants. His experimentation 
takes into consideration many toxic salts; determines their killing 
concentrations as well as the strengths which cause changes in vegeta- 
tive character of the alga Stigeoclonium. He also attempts (25) to 
correlate the work of previous authors with each other and with his 
own. 

Fungus growth and spore germination as affected by toxic salts 
in solution was studied by CLARK (8). Since it is generally recog- 
nized that Cu(NO,), and CuSO, have very nearly the same if not 
identical toxic limits for a given plant (25, p. 18), it is interesting to 
note from this table: 

Aspergillus in Cu(NO;). dies in 25/100 
Sterigmatocystis in CuSO, dies in 125”/1000 
Penicillium in Cu(NO;). dies in n/t 
Oedocephalum in Cu(NO3). dies in 156”/10000 
Botrytis in Cu(NO3;)2 dies in 313/10000 

Thus Penicillium will endure approximately four times as much 
copper as Aspergillus; eight times as much as Sterigmatocystis; 
thirty times as much as Botrytis; and sixty times as much as Oedo- 
cephalum. 

According to STEVENS (39) many metallic salts affect spore 
production in fungi. Among these Cu(NO,), and CuSO, inhibit 
spore formation at a lower concentration than any of the others tried 
by him, the response occurring at ”/100 in Penicillium. 

The response of acceleration of growth of plants as caused by 
toxic elements in solutions has been studied in conjunction with the 
response of death. There seems to be a general agreement among 
authors that zinc is the most active stimulating agent to vegetative 
growth. Yet the concentrations at which ZnSO, are said to produce 
most marked acceleration are far from agreeing. Thus, RICHARDS 
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(34) says that 6n/ to 12n/1000cceo and ONO (32) that 25n”/ to 
200on/1000cc0 produce the greatest dry weight of mycelium in 
Aspergillus. RicHTER (35) did not get acceleration of growth with 
CuSO, nor with AgCl. 

Within the past decade considerable work on seedlings of higher 
plants dealing with their relation to toxic agents has appeared. 
In nearly all cases this work has been limited to the effect of the 
toxic agent upon some particular part or organ, and has taken no 
account of the endurance of the plant as a whole for the poison. 
Thus KAHLENBERG and TRUE (21) record a large number of experi- 
ments upon white lupine radicles. They determined for this organ 
the fatal dose of various organic and inorganic substances. They 
found that H and OH ions are the deleterious agents. This work 
establishes the limit of endurance of the root-tip of white lupine 
only, and not, as CouPIN (10) points out, the endurance of the 
whole plant. In the same fashion HEALD (19) worked with seed- 
lings of Zea, Pisum, and Cucurbita. He found that in KCN, K,Fe 
(CN),, and K,Fe (CN), the electro-negative ion or anion was toxic. 
In all others it was the electro-positive ion or cation. PLOWMAN (33) 
dealt with the questioa from the standpoiat of electricity and mag- 
netism. From the fact that plants in the soil in the vicinity of the 
positive pole were stimulated, while those at the negative pole were 
not, he concluded that ionization of the soil solutions bore directly 
upon growth. 

That roots may accommodate themselves to gradually increasing 
concentrations of toxic substances (38) has long been known, as 
has also the fact that the power of absorbing water containing salt 
is lost more and more by roots (36) the longer they are in contact 
with it. GuTHRIE and Hetms (16) worked with wheat, maize, 
barley, and rye in pot cultures, using native soil. Their idea was 
to determine the endurance of some farm crops for certain injurious 
substances frequently present in soils. Table A, made from their 
data, shows the per cent. of poison which prevents germination. 

From these results it would seem that seeds will successfully ger- 
minate in somewhat higher concentration than that in which the 
plants will later grow. ‘TRUE and OGLEVEE (42) found that various 
insoluble substances, potato starch, paraffin, coal, glass, filter paper, 
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TABLE A 
—— — — = — Te — een * = ———————— 
Reagent | Wheat | Maize Barley | Rye 
NaC} Germination prevented hy .| 0.20% | 0.50% | 0.25% | 0.40% 
rae Growth prevented by . ....! 0.20 | 0.25 | 0.20 0.20 
Na.CO Germination prevented by .| 0.5-1.0 | 0.50 | 0.60 ©.50 
ee ee Growth prevented by ...... | 0.40 0.25 0.40 0.40 
str exe. =§ Germination prevented by..| 0.015 | 0.024 | abe ey 
NH,CNS ? Growth prevented by ......| 0.005 | 0©.02+ | pita een 
NaClo { Germination prevented by..| 0.053 | 0©.006+| 0.007 0.006 
ke 3? Growth prevented by....... 0.003 | ©.004 | 0.006 0.004 
AsO(OH) { Germination prevented by..| 0.5+ | 0.80+ | 0.60% ©.40 
se 3) Growth prevented by ...... | 0.10 | 0.60 | 0.10 0.30 








* Not effective. 


when added in finely divided particles to toxic solutions, markedly 
reduced the toxicity. They account for the reduction as being due 
to adsorption of poisonous particles by the substances introduced. 

In a recent paper LIVINGSTON (27) goes very fully into the physi: 
ological properties of a remarkably sterile soil, known locally as 
Tacoma Park soil. He concludes that some reagents, such as 
pyrogallol, calcium carbonate, and tannic acid, may act chemically 
upon the toxic bodies of the soil, while ferric hydrate and carbon 
black are merely absorbents of the same. 

KANDA (22) worked with solution cultures, and pot cultures 
of native soil. The latter were watered with poisonous solutions of 
the same salts from which his solution cultures were made. He 
was the first to show that ZnSO, is an active stimulant to higher 
plants. He did not observe stimulation with solution cultures of 
CuSO,, but soil cultures gave quite marked stimulation. The 
results that he records for Pisum and Vicia Faba in this respect agree 
with my own on wheat. 

HARTER (18) exposed wheat roots for twenty four hours to toxic 
solutions. He found that varieties of wheat from arid regions of 
Russia, where the soil is alkaline, are more resistant than are those 
grown in more humid regions. The reagents used by HARTER 
were sodium carbonate, bicarbonate, sulfate, and chlorid; and 
magnesium sulfate and chlorid. His work therefore naturally 
suggests that relative toxicity of salts must be learned by experi- 
menting upon a single variety or strain; and to overcome errors due 


to individual variation many plants must be used. 
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That it is next to impossible to coordinate data from different 
authors is evident from Table B, taken from CAMERON and BREA- 
ZEALE (7). For, as they say, the toxicity needed ‘“‘to kill a seedling 
or disorganize an entire radicle varies widely from that required 
to completely hinder any growth, or that which will permit some 
elongation.” 

TABLE B 








Toxic Lats For 








SOLUTE ; 
| Whole seedling | Tip of radicle 

[A ee er n/9 | n/15000 
|. | 21 SERA ae eee n/1o n/ 18000 
CL SSAct n/7 | n/15000 
jt. |, ae re n/13 n/ 20000 
BRINE GEIR ss. 5:6 's5 04:5 | n/t n/15000 
Succinic acid........ n/t n/ 20000 
Calcium chlorid ..... n/3 n/4 

Calcium nitrate...... | n/3 | n/5 





DANDENO (11) worked with pea, lupine, and corn. He found 
that the toxicity of poisonous solutions is reduced by the presence of 
pure quartz sand. Thus in CuSO,, seedlings will grow in 1/4096 
when sand is present, while they will stand only n/32768 when no 
sand is present. He also found that the effect is related to the size 
of the particles, more growth being permitted with fine sand thaa 
with coarse sand. My own experimentation with H,SO, shows 
similar results. Thus with number 5/o, the finest quartz, growth 
was inhibited at 72/100 to 6/100; in number 2/o, the next 
coarser grade, at 52/100 to 4n/100; in number 2, a rather coarse 
sand, at 4n/100to 2n/100;in number 4, a very coarse grade, at 2/100 
to gv/1000; in solution (H,O), at 82/1000 to 6n/1000. Which goes 
to show that the coarser the sand the less the same amount of solution 
is reduced in toxicity. Or, in other words, the coarser the sand, 
the nearer does the culture approach to solution media. DANDENO 
does not think with TRUE that the growth of lateral roots in solutions 
that killed the primary radicle is due to “accommodation,” but 
that the first growth of the radicle has reduced the toxicity to such an 
extent that the later roots can endure it. That the quantity of toxic 
agent has considerable to do with the effect upon growth, he shows 
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by a series of eight cultures, successively planted in different quan- 
tities of poison. Thus, seedlings lived in 1°° HCl 2/1024 for the first 
day, and not in quantities more than 1°°; while at the end of the 
eight successive plantiags in the same solutions seedlings were able 
to survive on the eighth day in 12°° HCl m/1024; hence definitely 
proviag that each successive planting reduces the toxicity of the 
solution. He says this is due to exudations of substances from the 
“oot. These same exudations furnish organic material for the 
srowth of fungi, which (as was also my experience) are very apt to 
make their appearance in a few days. 

BREAZEALE (5) made soil extracts of unproductive soils. To 
these extracts, filtered through a Chamberland filter he added various 
solids, such as ferric hydrate, calcium nitrate, calcium carbonate, 
carbon black, and fine quartz flour. He found that ferric hydrate 
and carbon black produce abaormal lengthening of roots, while the 
quartz flour does not. In his experiments on maize with sulfuric 
acid n/2750 to n/3250 prevented growth. Quartz flour did not 
change the apparent death limit. Clear sand, bits of filter paper, 
and paraffin shavings showed similar results with H,SO,. His 
results thus far, therefore, are diametrically opposed to those of 
True and OGELVEE. With CuSO, on the other hand, carbon 
black reduced the toxic effect. My own results, in so far as quartz 
flour is concerned, showed almost invariably that it reduces toxicity. 
The only exception is in phenol and alcohol. 


Materials 


Ground quartz, or quartz flour, of the grade commercially known 
as 5/0, which is a very fine powder, was the soil medium used. Wire 
baskets 8X8°™, paraffined and covered as described by Livincston 
(2'7), formed the pots for the soil cultures. 

For the solution series, 500°° bottles with a wide mouth were 
generally used. A smaller dark bottle, of 70°° capacity, was also 
used, but did not give as uniformly good results as the larger bottle. 

The wheat used throughout these experiments was obtained 
from the Bureau of Soils, Washington, D. C., through the kindness 
of Dr. Livrncston. It is the variety kaowa as Chul, grown in 
Utah, and was brought from central Turkestan by Dr. ERNst BESsEy. 
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All salts used for nutrient media, as well as those used as poisons, 
were Kahlbaum’s C. P. grade. 

The ordinary distilled water of the laboratory was re-distilled in 
glass flasks. From this redistilled water all solutions were made. 


Methods 


Preliminary experiments for the determination of the optimum 
water conteat of the quartz were first carricd out with redistilled 
water and with nutrient solution. It was found that 12 to 15 per 
cent. by weight of water was best. 

The wheat seeds were germiaated in sphagnum aad in quartz. 
It was found that the sphagnum was more satisfactory, because 
foreign particles could be more easily removed from the roots at 
transplanting. Transplanting was done when plants had attained 
a maximum height of 3°™. 

Three hundred and thirty-six grams of quartz were weighed out 
for each culture basket. This was mixed with 42°¢ of solution, thus 
making 12.5 per cent. of moisture content. This damp soil was 
then packed in the basket, and with the culture series completed, 
all were planted with plants as nearly alike as possible. The plants 
(five in each pot) stood in a straight line and protruded through a 
slit in the paraffined paper cover. The latter was then sealed to 
the sides of the pot with melted paraffin. The pot was labeled 
with the strength of solution it contained and the weight. The 
slit through which the plants protruded was loosely plugged with 
ordinary cotton, so that the loss of weight was practically reduced 
to the transpiratioa by the plants. After two or three days the 
pots were put on the scale-pan, the original registered weight was 
placed on the opposite pan, and a balance obtained by adding to each 
some solution of its own strength from a pipette. Thus the weight 
was again made what it was at the time of planting. This was 
done as oftea as needed; at first each two or three days; afterward, 
as plants got larger, every day. In this way the amount of water 
was never more than 12.5 per cent. and probably never less than 
10 per cent. The amounts added were recorded, and their sum 
constitutes the total transpiration for a pot as recorded in the tables. 
At the end of the experiment, usually in 15 to 30 days, the longest 
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sprout of each plant was measured, the recorded length being takea 
from the surface of the pot to the tip of the leaf. The average of 
these leagths for a given pot constitutes the average length of sprout 
recorded for that culture. The plants were then cut off close to the 
surface, cut into short pieces into a crucible, and the green weight 
recorded. After drying in a Bausch and Lomb oven for 5 to 7 days 
at 100-110° C. the dry weight was recorded. 

Corks fitting the bottles used for solution cultures were perforated 
with a small cork-borer so that six plants could be grown in each of 
the larger bottles. The corks were then boiled for several hours, 
with numerous changes of water, in order to remove any possible 
injurious ingredients. After being dried, they were boiled in paraffin, 
to insure an upper surface that could not be wetted. The wheat 
plants were now inserted through the perforations, so that the seed 
and roots were below the lower surface of the cork and in the solution. 
The holes were loosely plugged with ordinary cotton to fastea the 
plants and to prevent evaporation. Bottles were weighed from 
time to time and solution replaced from a pipette, record being kept 
of the amount lost by traaspiration from each bottle. The length 
of the sprout was measured from the upper surface of the cork to 
the tip of the longest leaf of each plant as in the case of the soil cul- 
tures. The green and dry weight of the whole plant from the solu- 
tion cultures was always taken; while ia the soil cultures only the 
aerial portion is available for comparison. 

Fungus contamination in solution cultures was practically over- 
come by sterilizing seeds in a 2 per cent. CuSO, solutioa for three- 
fourths of an hour; washiag afterwards in sterilized water; planting 
in sterilized sphagnum, and transplanting in a sterile chamber into 
sterilized solutions. The sterile chamber was a box 10050 X50°™, 
with a glass cover and a glass window in front. Rubber-cloth sleeves 
which fit snugly around the wrists of the operator were provided. 
The chamber was thoroughly sprayed with CuSO, before using. 

The series in solution and in soil were grown at the same time, 
under the same conditions of light, heat, and other external factors. 


Experimentation 


Responses to toxic salts are of two kinds: (@) acceleration and 
(b) retardation of growth which progresses as the concentration in- 
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creases until the death point is reached. By the death point is 
not meant that concentration at which all elongation of root or sprout 
from the very first is inhibited, but that which kills the plant when 
the stored food of the seed has been exhausted. Thus it was found 
that after 5 to 10 days plants which at first grew well lost their vigor 
and turned yellow. 

The criteria used for comparing the effect of the substances 
tested are: first, the total transpiration from each pot or culture; 
second, the average length of the sprout; third, the green weight; 
fourth, the dry weight of plants in a pot. 

The curves are as follows: The unbroken line is the average 
length of the sprout; the broken line is the total transpiration; the 
dotted line is the green weight; and the dot-and-dash line represents 
the curve of the dry weight. 

COPPER SULFATE 


In the solution series plants all die in /1o00o strength and do 
very badly in 5”/100000. There is no indication of any stimulation, 
as the control in distilled water has grown more than any other set. 
In the series where 50%™ of 5/o quartz sand is added to an equal 
weight of solution, that is, where the quartz stood half way up the 
column of liquid, we find the wheat growing in ”/1ooo and not 
altogether dead in 4n/1000. The toxicity has evidently been reduced. 
In the series where 9o%™ quartz to 25™ solution is used, i. e., the 
solution stands about a centimeter above the surface of the sand, 
the toxic effect has been still further reduced. The killing point 
now lies between 4n/1000 and 8n/1000. In the soil series, i. e., 
where 12.5 per cent. of solution is present, the death point lies be- 
tween n/tooand 3n/100. It will be evident, therefore, that the greater 
the ratio of quartz to the poisonous solution, provided this does 
not exceed the optimum water content for growth, the less the toxic 
effect of the copper sulfate. Fig. 1 represents a CuSO, series in 
soil six days after planting. The series is close, running from left 
to right 2/10, gn/100, 8n/100, 7n/100, 6n/100, 5/100, 4n/100, 
3n/100, 2/100, n/100, gn/1000, 8n/1000, 7/1000, 6n/1000, 
5/1000, 4n/1000, 3n/1000, 2n/1000, m/1000, n/2500, m/5000, 
n/7500, n/10000, control. It shows that up to 37/100 all elongation 
is inhibited. Beyond this point it shows a rather uniform increase 
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of growth, as the solution strength, with which the soil is moistened, 
decreases. Normal growth is reached at about 22/1000. Between 
the point at which no growth takes place and where normal growth 





Fic. 1.—Copper sulfate series in soil. Aug. 24-30. 1905. 


may be attained, we will, for convenience, call the tension line or line 
of stress. It means that region of concentration in which a struggle 
for life is apparent. In jig. 2, which is a photograph of the same 
series 12 days old’arranged in opposite direction, it will be noted 





Fic. 2.—Copper sulfate series in soil. Aug. 24-Sept. 26. 1905. 


that 2/1000 to n/2500 has grown more than the control. Also that 
n/too and gn/1000, which were growing in fig. 1, are now dead. It 
thus shows that during the first six days the seedling was able to 
endure a higher concentration than afterward; and further, that 
acceleration does not 
occur until after the 
reserve food of the seed 
has been exhausted. 
The solution series 
represented in fig. 3 had 
concentrations from left 





Fic. 3.—Copper sulfate series in solution. 


Aug. 22-30. 1905. to right as follows: 

gn/t000o, 8n/1000, 
7n/t000, 6n/1000, 5n/1000, 4n/1000, 3/1000, 2n/1000, n/1000, 
n/2500, n/5000, n/7500, n/10000, control. In this series no 











H.O 
n/ 10000 
n/ 4000 
n/ 
n/ 1000 
2n/ 1000 


4n/1000 





6n/ 1000 


8n/1000 


n/100 


2n/100 


3n/100 





° 5 10 15 20 
—-—--—I10 20 30 4° 50 
ov eee 100 300 500 700 
-—— 10 4° qo 100 


Fic. 4.—Copper sulfate series in soil. Feb. 17- 
Mar. 3. 1906. 


nine teaths. 





. TABLE I 





| H.O | an_|_4n | _6n | 8n | m | an | 30 
e 0 |—| —— | | | | Ee ee es es = 








CuSO, SERIES IN SOIL; 12.5% MOISTURE. FEBRUARY 17—-MARCH 3. 1906 
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elongation has taken place in concentrations above 3/1000; the 
curve of increase of growth rapidly rises as the concentration 
decreases, and much more rapidly than it does in soil. There is no 
indication of any acceleration in the photographed series, nor was 


any acceleration found in 
CuSO, solution culture, 
although the experiment 
was twice repeated with di- 
lutions as low as / 100000. 


H.0 






n/t 
F 
n/75000 
n/ 
, 
n/25000 
n/ 10009 


n/ 5000 


n/ 1000 
——_—— 5 10 15 
ceeeee 500 goo 1300 
—--— 80 120 160 


Fic. 5.—Copper _ sulfate 
series in solution. Feb. 20- 
Mar. 3. 1906. 


As has already been stated, the fatal concentration of CuSO, in 
solution cultures is approximately one tenth that of the fatal concen- 
tration in soil; or, the quartz has reduced the toxic effect about 


Tables I, II, III follow and curves (figs. 4, 5) precede. From 
these it will be seen that the traaspiration, the length of sprout, and 
the green and dry weights vary quite uniformly. 


| 
1000 | 1000 | 1000 | 1000| I00 too 100 

















Av. length of sprout, cm... .|18.96 17.76|17.70|20.68) 18.44) 16.96 11.08 11.56] 8.02] 7.26] 4.10) 3.42 


es Total transpiration, gm....| 41.637.0 |30.4 |52-0 |35.4 
£ Total green weight, mg....| 590 | 535 | 563 | 782 | 507 | 
Total dry weight, mg...... | 80 78 | 88 | 112 | go | 
| | | | 


539 | 450 | 400 | 
79} 68 | 62| go] 35| 18| 17 
| 


30.2 |24.8 |23.8 {18.5 [18.5 [15.9 |13.9 


25° 200 | 115 | 92 
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TABLE II 
CuSO, SERIES. EXPERIMENTS TO SHOW THE EFFECT OF QUARTZ IN SOLUTION 

















| | 
| H.O | a — i= 
| 100000 | 1000 | 1000 | 1000 Ioo | 1 
508™ quartz to sore solution. | | | | | | 
Av. length of sprout, cm. 15-35 | 11.42 6.57 | 3.60 | 3.12 
gog™ quartz to 25°¢ solution... | | | | 
Av. length of sprout, CM..........0.e000| 14.85 | 14.72 | 11.65 | 7.2 | 4.8 3.4 | 2.2 








TABLE III 
CuSO, SERIES IN SOLUTION; sill BOTTLES. FEBRUARY 20-MARCH 3. 1906 


n 

















| | ] 
* O a ee ee ee ee ee ee | n 
aoa 100000 | 75000 50000 | 25000 | 10000 | 5000 1000 
| ea | 
Average length of sprout, cm...... | 13.87 | 12.95 | 11.33 Io. 08 | 11.41 | 10.25 | 9.58 | 4.06 
Total green weight, mg...........| 1206 | 1123 | 980 | o82 | ot5 931 | 825 | 575 
Total dry weight, mg............. 155 | 150 | 128 | 130 | 123 118 | 120 | go 





LEAD NITRATE 


In the preliminary experiment with lead nitrate from which 
fig. 6 is taken, the series runs from right to left as follows: 8/100, 


PEER VEREETERC EERE Ree 








Fic. 6.—Lead nitrate series in soil. Sept. 2-14. 1905. 
7n/100, 6n/100, 52/100, 4n/1t00, 3n/100, 2n/100, n/100, gn/1000, 
8n/1000, 7n/1000, 6n/1000, 52/1000, 4n/1000, 3/1000, 2/1000, 
n/1000, n/2500, n/5000, n/7500, n/10000, control. 


J 


Fic. 7.—Lead nitrate series in solution. Sept. 10-14. 1905. 





The same concentrations, arranged in the same order, hold for 
the series in solution, fig. 7. 


























a 
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The experiment with soil was thrice repeated, and the results of 
each experiment are indicated in the curves, figs. 8, 9, 10. The 
separate tables are not given, but Table IV embodies the averages 
obtained from the three, as does also the curve, fig.1z. The greatest 
stimulation, at 62/1000, falls off in concentrations both above and 
below this. If the control be considered “normal growth,” it will 


H.0 
n/ 10000 
n/ 5000 
n/ 1000 
2n/1000 
3n/ 1200 
5n/ 1000 
7n/ 1000 
on/ 1000 
n/ 100 
2n/100 


3n/100 





4n/10o0 
- 5 10 15 20 25 30 
a 5 25 45 65 85 105 
tweet 150 450 750 1950 1350 1650 
Sa oe 65 95 125 155 185 


Fic. 8.—Lead nitrate series in soil. Nov. t9g-Dec. 20. 1905. 


be evident by reading fig. 11 that all concentrations from n/t1oo to 
n/toooco inclusive cause acceleration. Death occurs at 4n/100, a 
very slight elongation is shown at 32/100, and a little more at 2/100. 
Between 2n/100 and n/too a rapid increase in growth rate occurs. 
In comparison with CuSO,, therefore, acceleration may be caused 
by concentrations very near the fatal concentration. 

In the solution series of lead nitrate, Table V and fig. 12, the 
death point lies at 42/100 to 2n/100, approximately at the same 
concentration as in soil. Hence there is little if any indication of 
reduction of toxic effect, in so far as the death point is concerned. 
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Acceleration is not evident in nearly as marked a degree as in soil, 
however, and is not evident in nearly as concentrated solutions. 
Hence, while no appreciable change in the killing strength is made 
evident by the presence of quartz, a very marked change has occurred 
with respect to acceleration. In solution acceleration occurs at 








n/5000 to n/10000. 







H.0 








n/ 190000 







n/ 1000 







2n/ 1000 







3n/1000 







5n/ 1000 






qn/t 







on/t 






n/t 






an/t 















2n/ 100 











3n/100 





! / 











4n/100 
— 5 10 15 20 25 10 15 20 25 
- 10 30 5° 7° --— 20 5° 80 110 & 
tees 200 450 700 950 1200 t+eeee 300 700 1100 1500 cs 
—-'— 45 65 85 105 125 —**— 40 80 120 160 200 ae 
Pe 
Fic. 9.—Lead nitrate series in soil. Feb. 2-19. 1906. Fic. 1o.—Lead nitrate series in soil. Apr. 10-27. 1906. | 





TABLE IV 
Ps(NO;)2 SERIES IN SOIL. AVERAGE OF THREE EXPERIMENTS 











4n Pe 


100 


sn 








gig 

















$$ |__| |__| | | 

a Seiten tal 16.61 | £7.87 | 17.01 | 19.46| 20.26 | 21.15 21.54 | 23.18 | 21.61 19.34| 12.21] 8.31| 5.77 

Total transpiration, gm.| 48.9¢ | 52.77 | 55-83 | 62.57 | 72.30| 71 40 | 81.80 | 87.60 | 65.06 | §5.60 | 17.47 | 14.33 | I1.30 

Total green weight, mg.| 628 682 688 | 776 | gso | 1100 | 1125 | 1173 | 1069 | 984 336 205 180 

Total dry weight, mg...| 97 105 110 | 117 | 134 | 135 | 15° 149 | 140 | 130 63 47 43 
| | | 





| 
| 


| | 
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TABLE V 


PsB(NO;)2 SERIES IN SOLUTION. FEBRUARY 2-17. 1906 




















| H.O | n | n n 2n | 4n | 6n 8n nm | 2n | 4n 

| 2" | 10000 | 5000 | 1000 | 1000 | 1000 | 1000 | 1000 | 100 | 100 | 100 

Av. length of sprout, cm.| 10.5 | 12.47 11.35 | 10.2 | 10.4 | 9.75| 8.15 | 8.9 | 8.92 | 7-3 | 5-3 

Total transpiration, gm..| 11.6 | 12.30|12.50| 11.6 | 11.1 | 9.90] 9.20 | 9.7 | 9.7 7.9 | 7.0 

Total green weight, mg..| 670 725 | 640 620 585 | 540 | 523 | 520 476 | 445 | 408 

Total dry weight, mg....| 85 | 05 84 80 79 | 77 | 78 | 75 73 | 721! 70° 
| | 



























H.O 
n/ 10000 
H:0 
n/ 5000 
n/ 10000 
& n/ 1000 
4 } 
ES n/ 5000 * y 
4 2n/ 1000 
n/ 1000 
3n/ 1000 
2n/ 1000 
5n/1000 
4n/1 
7n/ 1000 
6n/ 1000 
on/ 1000 
8n/ 1000 
n/100 i 
U 
n/100 
an/t 
2n/100 
Be 3n/1 
bead 3n/100 
= 4 10 15 
% 4n/1 aos (6 10 15 
25 ‘f ——- s 10 15 20 — 8§=©6\waaeae 400 600 800 
10 g —-—=— 10 30 5° 7° 90 —'— 65 85 105 
So Mme  -_—— @¥ aes 5° 350 650 950 1250 : 
200 ; =e 7° 100 130 160 Fic. 12.—Lead nitrate 
: Fic. 11.—Lead nitrate. Average of three series in solution. Feb. 2-17. 
experiments. 1906. 


SILVER NITRATE 


The experiments with silver nitrate were repeated three times. 
Figs. 14, 15 are taken from the first one. The results of the different 
tests correspond quite closely, hence only the averages are here 
given in Table VI and graphically in fig. 13. 
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The toxic limit is about the same concentration (4/100 to 3/100) 
as with lead nitrate; there is very little toxic effect shown above 
gn/1000; the region of acceleration is at 2n/1000. 


TABLE VI 





| sm | sm bn 


$$ | gee 


Av. length of sprout, cm.| 20.64 | 


21.50 | 22.48 | 22.58 21.44 | 20.06 19.68 | 19.74 | 17.82 16.42 | 15.50] 13.22| 2.55 


Total transpiration, gm..| 61.4 | 62.2 | 66.9 | 67.9 |65.6 | 57.6 | 54.9 | 53.2 | 51.1 | 42.1 | 36.1 | 30.5 |16.1 
Total green weight, mg..| 845 840 | 807 | 934 | 864 | 822 800 790° 779 713 350 220 | 35 
| 136 | 139 | 150 | 147 | 144 137 | 131 130 122 110 07 | 15 


Total dry weight, mg.) 130 





In fig.14isrep- yo 
resented a_ series 
of 23 cultures six 
days old, in quartz, — 1/s000 
running from left 
to right 12/t1o, 
gn/100, 8n/100, 
etc., as in the case  sn/r000 
of CuSO, and 
Pb(NO,),. Asmall 
amount of elonga- 8"/10°° 
tion has taken place 
in 4n/ 100, consider- 
able in 3n/1o0o, and 
in 2n/100 the 2m/t100 
growth is about 
normal. In fig. 15 

. . 4n/ too £ 
the same series is ~~ * 5 10 15 20 25 
° 20 40° 60 80 
12 days old. —50 350 750 1150 
a / d oe 45 75 105 135 165 
a Fic. 13.—Silver nitrate series in soil. Average of results. 
3n/too are dead, 
while 22/100 has maintained its rate of growth almost equal with 
the control. The death limit is therefore very clearly pointed out. 
On the other hand, acceleration is very vague. 
The solution series (fig. 16) represents a series beginning at the 
§ I 8 g 
left with 71/1000, 6n/1000, 5n/1000, etc., as in figs. 14, 15. Here 


n/ 10000 


2n/ 1000 


3n/ 1000 


6n/ 1000 


on/ 1000 


n/ 100 


3n/100 
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all elongation is inhibited in concentrations up to 4n/10o, and from 
4n/too to n/tooo there is a slight elongation, with considerable 


‘i 
“ee 



































5 Fic. 14.—Silver nitrate series in soil. Sept. 10-15. 1905. 
' 
broadening of the leaves. In concentrations from n/1000 to n/10000 
: elongation increases. That actual acceleration might be definitely 
cs 
Fic. 15.—Silver nitrate series in solution. Sept. 10-22. 1905. 
shown, however, another series with solutions more dilute was grown. 
In this the series runs as follows: m/1o00o, n/25000, n/50000, 
Fic. 16.—Silver nitrate series in solution. Sept. 10-15. 1905. 
n/toocco, control. A definite region of acceleration is shown in 
ti ig. 17, which represents the results obtained with these very dilute 
e solutions. See also Table VII. 
. TABLE VII 
ie AGNO, SERIES IN SOLUTION. FEBRUARY I19-MARCH 4. 1906 
H.O n n _” nm ai 
a‘ 100000 75000 | 50000 25000 10000 
" & Av. length of sprout, cm....... 9.25 9.51 10.76 11.16 7.33 5.73 
. nf Total green weight, mg........ 870 800 | 965 081 887 572 


Total dry weight, mg......... 
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It is evident that the quartz has a very marked effect in reducing 
the toxic effect of the silver. For example, the death point in soil 
is at a concentration of 3/100 to 
2n/to0o; in solution the death poiat 
is at n/10000; this, in comparison 
with other poisons used, is a con- 

siderable difference. 

Working on the assumption that 
the great difference in toxicity be- 
tween soil and water cultures was 

goo «ooo ~©=©0S ue _~to absorption of the poison 
' too 1° by the sand particles, a series of 
Fic. 17.—Silver nitrate series in th 
sila, Wis tg aes “ail cultures, all containing the same 
strength of solution at first, but a 
varying quantity of quartz, was set up. The set consisted of seven 
500°° bottles. The solution strength used was 5/1000. The 
amounts of solution and quartz sand in each bottle were as 
follows: 
Number I 2 3 4 5 6 7 
Solution 150° = 208 Ee 310° 365°C 41oce 455°¢ 500°¢ 
5/o quartz 6258" 6258™ soos™ 3758M 25osM 258m 25gm 
That is, we have in 1 about 19 per ceat. solution to 81 per cent. sand; 
in 2, 25 per cent. to 75 per cent, sand; in 3, 38 per cent. to 62 per cent. 
sand or supersaturated; in 4 the solution stands about 2°™ above 
the sand; in 7 the sand stands less than 1°™ from the bottom; 5 and 
6 are intermediate between 4 and 7. The experiment lasted ten 
days and the results obtained are as follows: 


TABLE VIII 


To SHOW EFFECT OF VARYING AMOUNTS OF QUARTZ IN POISONED SOLUTION 








Length of sprout. Average Remarks 





Roots all dead 

Roots all dead 

Roots dead and very slightly 
elongate 

Roots had penetrated into 

age — dead " 
oots alive, plants struggling 

Plants healthy 

Plants healthy 

















3 
i 
Bac 
e 

E 
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The data show an increasing growth with the increase in amount of 
sand present. This agrees with TRUE and OGLEVEE’s results. At 
the end of the experiment the solutions in which the plants had 
grown were carefully titrated with NaCl, giving the following results: 

1. Sand about 1°™ high, considerable precipitate. 

2. Sand about 3.5°™ high, some precipitate. 

3. Sand about 6°™ high, minute trace. 

4. Sand about 8°™ high, no trace. 

5. Sand about ro°™ high, no trace. 

6. Sand filled bottle, no trace. 

7. Sand filled bottle, no trace. 


I endeavored to make quantitative determinations, and thus defi- 
nitely to settle the absorptive power of a given quantity of quartz, 
and at the same time the relation of the amount of silver to length 
of plant grown therein. My attempts, however, were unsuccessful. 
The solutions from the above experiment were filtered free from 
sand, and again used for solution culture in small black bottles 
(7o°°) with the following results: 
1. Gave no elongation of root or stem. Roots and base of stem dark brown. 
2. Stems slightly elongated. Leaves very much etiolated. Roots long and 
healthy. 
. About like 2. 
. Stems healthy. Leaves green. Roots white, long and healthy. Av. 
size 7.9°™. 
. Same as in 4. Average length of sprout 8.3°™. 
. Soil extract from previous experiment insufficient for this test. 
. Soil extract from previous experiment insufficient for this test. 


> WwW 


a nu 


In order to test still further the absorptive power of the quartz, a 
series of cultures, each containing the same quantity of sand and 
solution, were set up. The difference here was that each culture had 
a different strength of solution. The quantity of sand used for each 
was 270 grams, and of solution 400 grams. The concentrations are 
indicated in table IX. 











TABLE IX 
EXPERIMENT TO SHOW EFFECT OF QUARTZ UPON DIFFERENT CONCENTRATIONS 
or AGNO; 
——— — ——— i —————— 
*. | Bt a ee Lad oe 
100 100 500 | 25 12500 62500 
Average length of sprout,cm...| 3.1* | = 5.3 |} 8.5 9.4 10.2 13.9 
Total green weight, mg........ | 255 | 230 388 500 545 7 
47 | 60 | 80 82 7 


Total dry weight, mg.......... | 67 





*Dead. 
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In comparison with this, a sect of the same concentrations of solution, 
in the same kind of bottle (500°°) but containing no sand, were set 
up. The plants were grown the same leagth of time, ia the same 
external conditions, and gave the following results: In /62500 and 
n/1%2500 good growth was obtained, but in all solutions of greater 
concentration plants all died. It is quite evident, therefore, that the 
quartz added reduced the toxic effect of m/100, n/500, and n/2500 
to something less than n/2500; perhaps, as is shown by the first 
series of solution cultures, to something less than n/10000. This 
conclusion is also drawn from the fact that roots, stems, and leaves 
were as vigorous in n/2500+quartz as were the plants in /12500 
solution alone. 

After filtering away sand the solutions were again used in solution 
cultures in small black bottles (70°°) with the following results: 











10.9 


| | 
: 4 
| | 
| | 


Average length of sprout, cm...|} 
| 





This shows that is it not necessarily the presence of the quartz aé 
the time of growth which reduces the toxicity, but that quartz having 
stood in the solution has taken out some of the poison. Here, as 
in a previous experiment, the titration failed to yield quantitative 
results. The conclusion, however, is inevitable that quartz does 
remove considerable quantities of silver nitrate from solution, or at 
least renders it inert. 


ZINC SULFATE 


The series shown in jigs. 18, 19 has the same arrangement and 





Fic. 18.—Zinc sulfate series in scil. Sept. 19-25. 1905. 


concentration of ZnSO, as that shown and explained in figs. 15, 16 
for AgNQO,. 














Nut. Sol. 


n/ 100000 


7n/ 10000 


gn/ 10000 
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Unfortunately, the plate showing the condition of the plants at 
the end of the experiment—18 days growth—was spoiled. How- 


ever, by referring to Table 
X and fig. 20 which repre- 
sents this later condition, 
it will be seen that there 
is acceleration in con- 








centrations 5n/10000 to 


n/ 10000. In comparison Fic. 19.—Zinc sulfate series in solution. Sept. 


‘ ‘ ‘ 19-25. 1905. 
with lead nitrate this ac- sil Tins 


celeration is in weak solutions and is not nearly as well marked as in 
the Pb(NO,),. The series in solution of ZnSO, (figs. 19, 21, and 

















2 


50000 


= 


/ 25000 


/ 40000 


= 


3n/ 10000 


5n/ 10000 


2n/ 1000 


4n/i 


6n/1 





4 
cane. 5 Io 15 20 
aaa 10 30 50 70 
oars 250 450 650 850 
a 30 5° 7° go 


Fic. 20.—Zinc sulfate series in soil. Oct. 21-Nov. 18. 


Nut. Sol. 


n/ 100000 


n/ 50000 


n/25000 


n/ 10000 


3n/ 10000 


5n/ 10000 


qn/ 10900 


on/ 10000 


n/ 1000 





2n/ 1000 


4n/ 1000 


5n/1000 


6n/1 





qn/t 
_ 5 10 15 
15 25 35 
100 500 goo 
_— 60 80 100 


Fic. 21.—Zinc sulfate series in solution. 
Oct. 14-Nov. 14. 1905. 
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Table XI) does not show acceleration. It was thought that this was 
due to too strong solutions, hence the experiment was twice repeated 
with the concentrations as dilute as m/1o00000, as is seen in Table XI 
and jig. 21, but no very decided acceleration was obtained. This is 
contrary to the results obtained by RicHarDs (34), who found that 
ZnSO, was a most powerful stimulant to growth in fungi. ONo (32) 
and RICHTER (35) also report very strong stimulatioa with zinc sul- 
fate. These observations correspond more nearly to my results 
obtained with soil. 

It is very interesting to note the relatively small reduction of 
toxicity by the quartz in ZnSO, as compared with silver nitrate. 


TABLE X 


ne SERIES IN SOIL. 


OcTOBER 21—NOVEMBER 18, 





n 
100000 | 50000 


1) 
| causes 
25000 


10000 | 


1905 


ae 


3n 
10000 10000 } 
| 


7" 
10000 





Average length of sprout, cm 
Total transpiration, gm 
Total green weight, mg 
Total dry weight, mg 


19.28 | 18.86 

67.90 | 71.20 
847. | 810 
092 | 95 





19.56 | 

75.50 
857 
96 


76.80 
929 


| 
| 21.42 | 20.60 | 19.50 
75-20 | 72.50 


76.80 
949 890 800 

















Average length of sprout, cm 
Total transpiration, gm 
Total green weight, mg 


29.20 | 
4 


10. -30 | 


Total dry weight, mg 


| 
Sea 
| 





TABLE XI 
ZNSO, SERIES IN SOLUTION. 1905 


OcTOBER silnondtenieen EMBER 14, 





a j — 
Nut. | | 
sol. 


3n 
10000 


5n 





Average length of sprout, cm 
Total transpiration, gm 

Total green weight, ma ; 
Total dry weight, mg. 


| 13.20 | 13.85 | 

30. 80 | 32.70 | 
717 | 74° 

890 or | 


30.50 


A 
| | 
13.83 | . 5. | 
746 | 

| 

















Average length of sprout, 
Total transpiration, gm 
Total green weight, mg 
Total dry weight. mg 
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IRON NITRATE 


It was found impracticable to grow plants in the nutrient solution 
with which the experimentation was begun on account of precipitation 
of one or more of the salts by such reagents as AgNO,, Pb(NQ,),, 


{! \ A \ 








dhiiits 


Fic. 22.—Iron nitrate series in soil. Sept. 15-21. 1905. 


etc. Hence it was decided to grow them in distilled water, with no 
other element present than the poison. In order to test whether 
results obtained by both methods were comparable, two series, one 








Fic. 23.—Iron nitrate series in soil. Sept. 15-27. 1905. 


in water, the other in nutrient media, to each of which the poison 
had been added in the same proportions, were set up side by side. 
The experimentation 
with Fe,(NO,)s proved 
that water grows the 
plants as well as does the 
nutrient solution during 
the time of the experi- 
ment. The curve of Fis. 24.—Iron nitrate series in solution. Sept. 
15-21. 1905. 





maximum growth is as 
great aad comes at the same concentration with both. The killing 
concentrations also coincide. 

The greatest growth ia solution cultures is at 2/2500 to /7500, 
while in soil cultures it occurs at 7n/1000 to 3/1000. Hence there 
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is a considerable reduction of stimulating effect caused by the presence 
of the quartz. Again the killing strength in solution is about 2/100, 
while in soil it is from 
6n/100 to 4n/ 100. 

In comparison with 
ZnSO, and AgNO, iron is 
a weak poison. And it is 
interesting to note that 

Fic. 25.—Iron nitrate series in solution. there is not nearly as great 
Sept. 15-27. 1905. ana absorption of the 
poisonous elements in the Jatter as in the former. Fig. 22 shows 
the Fe,(NO,).¢ soil series after 
growing five days. It will be 
noticed that some elongation has 
taken place in the culture farthest 
n/s000 - to the left, which is n/10. Further, 





\\i 


n/2500 H,0 


3n/ 1000 3n/ 1000 
5”/ 1000 5n/1000 
7n/ 1000 r 7n/t 
gn/ 1000 pha on/t 

n/ 100 
2n/100 
3n/100 + 3n/ 
4n/100 4n/100 
5n/ 100 # 5n/t 


6n/ 100 


10 15 20 25 s 15 20 25 
20 4° 60 80 3 5° 7° go 

° 400 800 1200 600 goo 1200 

—o 30 60 go 120 ce 65 95 125 


Fic. 26.—Iron nitrate series in soil with nutritive Fic. 27.—Iron nitrate series in soil without nutri- 
solution. Oct. 14—-Nov. 8. 1905. tive solution. Oct. 2g—Nov. 24. 1905. 





CY RED 


FE,(NO3)6 SERIES 
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it is also clear, that no very marked stimulation above control, at 
extreme right, is perceptible. In fig. 23, which is the same series 
photographed when twelve days old, plants ia pots from /r1o to 
5n/too are dead, and the region of active stimulation is quite evident, 
lying at gn/1000 to 3n/1000. In figs. 24, 25 the same thing is 
illustrated for the water cultures with Fe,(NO,), at the same ages 
as in figs. 22, 23. Tables XII and XIII give comparative results 
with and without nutrient media ia the soil. The same is graphi- 
cally shown in curves figs. 26, 27. 


TABLE XII 


FE,(NO;)6 SERIES IN SOIL WITH NUTRIENT SOLUTION. OCTOBER 14- 
NOVEMBER 8, 1905 
Nut. | n n | mn | n | nm 


_3n sn | mM 
10000 | 7500 | 5000 2500 1000 


1000 1000 1000 











Av. length of sprout,cm..| 21.10 | 21.16 | 21.52 | 22.62 | 22.60 | 23.5 


Total transpiration, gm...| 67.6 68.8 70.7. | 72.8 | 68.6 | 70.5 


23-5 22.7 
045 | 902 | 905 | O14 | 1019 a | 


23.9 
78.7 | 80.9 | 68.6 
1202 











Total green weight, mg... 1217 1098 
Total dry weight, mg..... | gl | 905 0&8 | 9 Ior | 112 118 | 123 110 
| | | | | 
| om | » | am | sm | am | sn | 6m | am 
1000 | I00 | 100 1oo | 100 | 100 100 100 
Av. length of sprout, cm.......... |} 23.6 | 17.8 | 12.7 12.7 10.4 | 9.5 8.3 6.4 
Total transpiration, gm........... | 65.7 36.0 | 28.4 26.1 23.1 19.0 18.3 18.1 
Total green weight, mg...........| 087 520 | 30% | 310 | 223 145 135 64 
Total dry weight, mg.............] 99 | 8 | 67 65 | 43 41 36 17 





TABLE XIII 





IN SOIL WITHOUT NUTRIENT SOLUTION. OCTOBER 29-NOVEMBER 24, 1905 





| | = l 
no | 2. | 2) eee) el el ee 
| 


1009 1000 1000 1000 1000 | 100 | I00 100 100 100 100 























Ay. length of sprout, cm. . 21.98 | 22.60 | 22.84 | 23.02 | 23.12 22.04 | 20.06 18.44 | 15.90| 12.90 | 11.36 10.94/70.38 


Total transpiration, gm...| 70.8 | 72.2 | 77.0 | 88.5 | 77.3 | 70.2 | 40.6 | 30.8 | 26.8 | 23.2 | 18.6 |17.0 


Total green weight, mg...| 855 1080 | 1180 | 1230 | 1183 | 1133 
Yotal dry weight, mg... . -| 85 110 115 122 | 119 114 





775 | 425 | 3190 | 245 165 | 1590 
95 7° 58 | 52 40 38 





TABLE XIV 


FE,(NO3)6 SERIES IN SOLUTION WITH NUTRIENT SOLUTION. OCTOBER 14- 
NOVEMBER I, I905 


























Nut.| _” |_#” | 3” _4n | 7 | 8 | n 3n sn 
Sol. | 7500 | 2500 | 1000 | 1000 | 1000 | 1000 | 100 100 100 
sal | Sanath Detannes Mees Dessiael Meal Liecesieni 
Av. length of sprout, cm.....| 21.5 | 24.5 | 26.1 | 25.0 | 22.4 | 20.9 | 19.1 | 16.5 | 14.1 | 12.4 
Total transpiration, gm..... 30.6 | 33.7 | 37-2 | 35.6 | 33-3 | 31-5 | 25.8 | 22.6 | 21.8 | 19.6 
Total green weight, mg..... | 1170 | 1500 | 1657 | 1380 | 1040 | 665 468 | 306 305 368 
lotal dry weight, mg....... | Tog | 120 | 126 | t12 | 102 04 81 


| 73 71 7° 
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IRON CHLORID 











Experiments with Fe,Cl, were carried out in order to compare 
with Fe,(NO,)s. It was found that plants die in the same concen- 
tration, and growth is accelerated in equal proportion by the same 
concentrations in either solution, as is shown in the Table XV. 







Nut. Sol. 







n/7500 









n/2500 







3n/ 1000 







4n/ 1000 


7n/ 1000 








8n/ 1000 










n/ 100 


















3n/100 





— 10 15 20 25 
eee 20 30 4° 
saedinied 300 800 1300 1800 
—_* so 70 go 110 130 


Fic. 28.—Iron nitrate series in nutritive 
solution. Oct. 14—Nov. I. 1905. 


TABLE XV 









































FE,CL6 SERIES IN SOIL. NOVEMBER 12—DECEMBER 12, 1905 a 
n an | 3M 4n 6n mn | 8n | on n an | 3n | 4n 
H.0 1000 | 1000 1000 | 1000 1000 | 10090 | 1000 1000 100 100 100 Ico 











| | | 
ee Meee wees ee Wee 

Av. length of sprout, cm.| 19.32 | 19.38 | 21.80 | 19.64 | 16.60 | 13.38 | 10.22 | 9.86| 9.68 9.08! 6.60} 4.98] 2.16 

Total transpiration, gm.| 85.30 | 75.80 | 78.10 | 62.9 | 41.10 | 36.40 | 27.70 | 20.20 | 29.10 | 29.10 30.70 | 24.90] 24.10 7) 
Total green weight, mg.| 787 | 845 835 652 | 490 450 235 | 205 | 188 119 40 35 26 338 
Total dry weight, mg. | 130 | 154 | 140 107 go 87 | 15 12 6 Bes 





Ss | | 26 
























NICKEL NITRATE 






In nickel nitrate cultures is shown the most remarkable reduction 
of toxicity by the introduction of the quartz. Thus, in soil, plants 
die in concentrations 7/2000 to 6/4000, while in solution death 
occurs at 2/2000 to m/4000. Stimulatioa effects are most marked 
in soil at 2/2000 to n/10000, but in solution at 4n/10,000,000 Tables 
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XVI and XVIII are the averages of three sets of experiments, the 
results of which are plotted ia figs. 29, 30. 





H.0 
Ee 3n/ 10000000 
a H.0 
i 4n/ 10000000 
a n/ 10000 
fe 6n/ 10000000 
ys n/ 4000 
Re 8n/ 10000000 
Be n/ 2000 F 
: n/ 100000 
q n/ 1000 
3 2n/ 120000 
5 2n/1000 
4n/ 100000 
' 3n/ 1000 , 
6n/ 100000 
4n/ 1000 
8n/ 100000 
5n/ 1000 
6n/ 1000 
——— 5 10 15 20 
atin er 15 25 35 45 10 15 
eaten too 300 500 700 teense 950 1150 1550 
ensue 4° 60 80 100 —*'— 105 145 185 
Fic. 29.—Nickel nitrate series in soil. Mar. Fic. 30.—Nickel nitrate series 
17-Apr. 2. 1906. in solution. Mar. 29-Apr. 8. 
1906. 


TABLE XVI 


N1(NO,)2 SERIES IN SOIL. Marcu 17-APRIL 2, 1906 












































- | j 

" H.O ae ee ie an 3n_|_4n | sn | 6n | 7m 

= ‘os | 10000 | 4000 | 2000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 
+s. Av. length of sprout, cm.. .| 14.16 | 15.40 15.04 | 16.50] 15.20 | 10.30 8. 50| 7.30 5.40} 4.30| Dead 
ge Total transpiration, gm....| 39.3 | 4t.7 42.8 | 43.6 | 29.4 | 23.1 |21.0 |19.7 |17.4 |17.3 | 

6 Total green weight, mg... -| 574 | 685 606 | 668 | 518 | 200 | 185 | 169 | 103 | of 

° Total dry weight, mg...... 84 | 05 102 | 96 | 82 | 59 49 | 40 | 4° 30 





TABLE XVII 


N1(NO3)2 SERIES IN SOLUTION. MARCH 29-APRIL 8, 1906 








H.O 2n | 4n | 6m __ | 8n os 
: | 10000000 | 10000000 | 100000 | 10000000 | 100000 
ee ae — | } 
Av. length of sprout,cm.......] 11.35 | 11.36 | «1.40 | 11.55 11.20 9.95 
Total green weight, mg........ | «310 | 1345 | 4535 | 1490 1180 1060 
Total dry weight, mg.......... | 154 160 185 170 | 146 140 
| | 
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TABLE XVII.—Continued 























| __ 2h | 4n | 6n- 8n i Ns em 
| 100000 | Yooooo | 100000 100000 10000 4000 
Av. length of sprout, cm....... | 8.66 | 8.ax | 7.40 7.38 6.83 5.50 
Total green weight, mg........ | O15 885 860 850 828 820 
Total dry weight, mg..........| 129 | 128 | 126 126 122 113 

| 

| | 

PHENOL 


In the phenol series death occurs at very nearly the same concen- 
tration in soil and in solution, viz., 2n/100 to n/10o. There is a 
very slight indication of reduction of the acceleration strength by 
the presence of quartz; thus, in soil the greatest growth occurs at 
6n/toceo, in solution at 4n/10000. 


ig 
% 





TABLE XVIII 
PHENOL SERIES IN SOIL. MARCH 17-APRIL 2. 1906 





% 
































H.O | n | 2” | 4n | 6n | 8n n es 
| 10000 10000 =| ~=10000 10000 10000 1000 

Av. length of sprout, cm...| 12.52 | 13.04 13.56 | 14.50 | 13.98 13.70 14.48 
Total transpiration, gm....| 39.1 43 44-9 | 44.90 | 48 43.7 40.1 
Total green weight, mg.... 523 s60 | 590 | 650 | 668 653 611 
Total dry weight, mg...... 87 85 90 | 108 | 115 107 | 101 

| | 

LS Ss rs — ; LS ee 

| 2 | am | = | =| 2 | s 

| 1000 1000 1000 1000 100 6|_~—s«I00 
Av. length of sprout, cm............. | 14.20 | 14.02 | 13.68 12.84 11.66 | 3.26 
Total transpiration, BM. eeeeeeeeseee| 3761 | 38.8 33.3 | 29.0 20.4 | 12.5 
Total green weight, mg............-. | 523 518 ~ | 488 | 47° 493 68 
Total Gry WARNE BOs: s 5 6.0:<0:0600'0554 } oe | 85 | 77 | 92 54 | 17 

| I i 








TABLE XIX 
PHENOL SERIES IN SOLUTION. MARCH 8-22. 1906 











































H.O | n me | 4n | 6n _8n t= ‘ 

; | 10000 | 10000 | 10000 | 10000 10000 1000 : 

Av. length of sprout, cm...| 3.3% | «3590 | a533 15.38 | 13.73 11.26 10.35 ws 

Total transpiration, gm... .| | | | a 

Total green weight, mg. ...| 1148 1153 1146 IIgI 1053 065 884 oN 

Total dry weight, mg...... | 140 142 | 146 | 148 140 131 122 a 

| | | | | | i 

tia , ee oO Bee ie 3 

2m | 4h) 6n | 8 n 2n tae 

12900 | 1000 1000 =| 1000 100 100 E 2 

Av. length of sprout, cm............. 8.8: | 8.20 | 7-91 | 6.23 5.23 4.10 ha 

Total transpiration, gm.............. | | | He 

Total green weight, RS reais 823 7O1I | 640 575 521 440 ey 
Total dry weight, mg..............6. | 114 103 101 | 83 82 70 

1 1 


























& 
Bs 
& 
; 
* 
« 
i 
f 





JENSEN—TOXIC LIMITS AND STIMULATION 


1907] 





These results are shown graphically in figs. 31, 32. 


H,0 H.0 





n/ 10000 n/ 10000 
2n/ 10000 2n/ 10000 
4n/ 10000 : : 4n/ 10000 
6n/ 10000 t 6n/ 10000 
8n/ 10000 

n/ 1000 

2n/ 1000 
4n 4n/ 1200 
6n 6n/ 1000 


8n/1000 , 8n/ 1000 


n/ 100 n/ 100 





2n/100 2n/100 
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Fic. 31.—Phenol series in soil. Mar. 
17-Apr. 2. 1906. 


Fic. 32.—Phenol series in solution. 
Mar. 8-22. 1906. 


ALCOHOL 
Ethyl alcohol is less poisonous than anything thus far tried. 

Plants endure concentrations up to 5on/100 or 75/100 and are 
most actively stimulated by 75/1000 to 25n/tooo in both solution 
and soil. In the case of alcohol and phenol, therefore, the absorp- 
tioa of poison by quartz is practically a negligible quantity. Tables 
XX, XXI, and figs. 33, 34 show acceleration in soil at 75/1000 and 
in solution at 50/1000. 

TABLE XX 

ALCOHOL SERIES IN SOIL. MARCH 2-22. 1906. 









































HL0 | 2% | 250 | som | 75n | 10m | 25n | son | 75” n 
‘ 1000 1000 | 1900 | 1000 | 100 | 100 | 100 100 | 
Av, length of sprout. cm.....|/19.02 |18.92 |10.34 19.02 |20.64 |18.64 |15.46 \r1.14 | 6.16 | 3.44 
Total transpiration, gm ..... 38.89 |37.80 |37.90 |38.70 |40.30 |31.30 |24.10 |14.50 |13.70 | 6.90 
lotal green weight, mg ..... 690 | 640 649 | 661 765 | O11 570 | 310 | 80 5° 


Total dry weight, mg....... 96 92 | 94 | 100 115 | ot! 80 | 57 | 40 20 
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Fic. 33.—Alcvhol series in soil. 1906. 
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TABLE XXI 

















Av. length of sprout, cm..... 
Total transpiration, gm..... | | 
Total green weight, mg...... | 8977 910 | 1012 | 
Total dry weight, mg....... | 115 122 | 
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ALCOHOL SERIES IN SOLUTION. MARCH 2-22. 1906 


| l 
| tom | 25n | 50” 
| 1000 | 1000 | 1000 
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10.30 |10.85 |11.83 |13.35 
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Fic. 34.—Alcohol series in solution. 
Mar. 2-22. 1906. 
IR) Te | See | Sees ee n 
1000 100 100 100 100 
12.23 |10.96 | 9.43 | 6.66 | 4.81 | 3.40 


1109 | 907 | 831 778 | 729 | 653 | S13 
130 | 140 | 100 





SUMMARY OF RESULTS : 


Table XXII shows the concentrations in which growth in quartz 


soil and in solution is stimulated and inhibited. From this it will 
be seen that in soil, nickel is by far the most toxic substance tried, 
being nearly five times as poisonous as zinc, silver, copper, six to 
eight times as poisonous as iron, and forty to one hundred times 
On the other hand silver in solution 
cultures is more poisonous than nickel, zinc, or copper, the ratios 
being as 1 to 5, 7, and 1o respectively; while with iron, lead, and 
alcohol the ratios are 1 to 100, 400, and 7500. 

It does not follow, therefore, that because a salt is highly toxic 
in solution it is equally so ia soil; nor that one which holds a rela- 


as poisonous as alcohol. 
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TABLE XXII 


SUMMATION OF KILLING AND STIMULATING CONCENTRATIONS SELECTED FROM FORE- 
GOING DATA 





























SoIL CULTURES SOLUTION CULTURES 
Poison eee 
Growth inhibited | Growth stimulated | Growth inhibited | Growth stimulated 
a | 
s | 7n to 6n snton | 50m to 25” 4n to 2n 
Ni(NOs)s.......4- a ae ; o———_— | ae 
. | 1000 10000 | 100000 | 10000000 
| 30n to Ion 3nton 70n to 6on | ‘ 
PRK dat kecavece ao | — aoe None 
| 1000 1c000 100000 | 
AgNO | 30n to 10” gon to 1on 10on to on | 20n to 10” 
Pree eRE ee A REST 1000 10000 | 100000 | 10000000 
- 30n to 10n 1on to 4n | 100m to 50” | » 
RAnastcceesieseh | ee ———— —— a | None 
1000 1c00o 100000 | 
Fe(NO,) 6on to 40n gon to 30” | 1ocon to goon | 4000n to 2000” 
Fea(NC Peccccces ee ——— j — — pe nates ~8 
578 1000 10000 100000 | 10000000 
FeCl 6on to 40n gon to 20” 1000n to 800n 4000n to 2000” 
PONEGs 8.6 64:06 6 « eae ————— - 
1000 10000 100000 | 10000000 
Pb(NO;) 50” to 30m gon to 40” 4000n to 2000” 20000n to 12000n 
Ne gJdereeeeee pemeney a =: ra — ———— ve 
‘ 1000 10000 160000 10000000 
PI 1 20n to 10” 8n to 4n 2000n to 1000” 8000n to 4000” 
See ee Sere : —— — ees ees 
1000 10000 100000 | 10000000 
Acohol f 750n to 250n | 750m to 250” 75000N to 25000N | 75000n to 25000 
pA fos a . — FL noses lea pasts 
1000 10090 100000 | 10000000 





tively high position in the toxic table in soil should occupy the same 
relative position in solution cultures. Hence the assumption upon 
which HARTER (18) worked is not verified by my results. 

The reduction of toxic effect (seen by comparing columns 1 and 
3, Table XXII) is most marked in Ni, less in Ag, Zn, Cu, Fe, and 
Pb, in the order given, and ao reduction whatever is apparent in 
phenol or alcohol. 

Stimulation to growth takes place more markedly in soil than in 
solution, because in soil every test gave accelerating effects, while in 
solution cultures two failed to give such results. Stimulation in 
soil is always at a much higher concentration than stimulation in 
solution except in the case of the organic poisons tried, phenol and 
alcohol, where the presence of quartz does not reduce the toxicity. 


Conclusions 


In conclusion I wish to point out what seem to me the most salient 
features of this research. 

1. While considerable work has been done on toxicity, none 
has shown the definite effects of a poison in pure soil, for, as I have 
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elsewhere statea, such experiments have been made with garden 
loam and are unreliable because of the multiplicity of inorganic and 
organic substances with which the introduced poison may react. My 
results show that the introduction of pure quartz flour into a toxic 
solution, in such proportion as to form an ordinary moist soil, reduces 
the toxicity of the solution in a marked degree. But whether this 
reduction is due to adsorption, as TRUE and OGLEVEE would have it, 
or to a reduced freedom of movement of the solute particles, that is, 
a reduction of diffusion tension, as DANDENO suggests, or to some 
chemical changes enhanced by the quartz is yet an open question. 

2. Of the limited number of poisons tried, all gave stimulation 
results in quartz, and all but two—ZnSO, and CuSO,—in solution 
cultures. It is not beyond probability that these two, in proper 
concentration, might also be found to be stimulating. 

3. The more dilute the fatal dose in solution, the more the toxic 
effect is reduced by the introduction of quartz. Hence the range of 
concentrations, both fatal and accelerating, is much greater in solu- 
tion than in soil cultures. 


Finally, I wish to acknowledge the friendly cooperation of all 
members of the botanical staff of the university, and especially the 
stimulating suggestions of Professor CHARLES R. BARNES and 
Dr. B. E. LIvINGsTon. 
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HYBRIDIZATION OF WILD PLANTS 
D. T. MACDOUGAL 
(WITH FOUR FIGURES) 


THE number of forms of plants which have been or are regarded as 
hybrids by systematists is a large one and includes several oaks, 
of which two have been examined during the last two seasons. Atten- 
tion has been called previously to the untrustworthiness of the custom 
prevalent among botanists of attributing a hybrid origin to certain 
plants because they appear to exhibit halved, fused characters, or 
a mosaic of qualities derived from the two suppositious ancestors. 
In some instances such deductions have been made by which the 
ancestry of a questionable plant has been made to include three or 
even four species. The argument of distribution is the main one 
offered in such attempted demonstrations. In many cases, this 
together with other circumstantial evidence may amount to almost 
positive conviction, but unless this close relation of well-joined facts 
is furnished, assertions as to the hybridity of a plant must be taken 
simply as a suggestion to be tested by cultural or experimental 
methods. 

When confronted with an enigmatical plant of such character, three 
methods of attack are available to the investigator: that of obtaining 
the supposed hybrid by synthetizing it from its supposed parents; 
that of making an anatomical examination of the hybrid and the 
parents to which it has been referred; and that of obtaining second, 
third, and succeeding generations of the hybrid for the purpose of 
ascertaining whether or not any separation of the ancestral char- 
acters may occur in an alternative inheritance by which the ancestral 
forms may actually reappear. All of these methods are beset with 
numerous difficulties, but when used together with the facts of dis- 
tribution a very satisfactory degree of proof may be obtained. It 
will be profitable to consider the scope and application of the various 
methods of experimentation and observation noted above. 

* Read before Sections F and G, A. A. A. S., New York City, December 27, 1906. 
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The re-formation of a hybrid by the cross-pollination of the 
parents to which it may be ascribed is by no means simple in 
all instances, nor is it always easy of accomplishment. In the first 
place, the original cross-pollination may have taken place possibly 
under an exceedingly rare combination of favorable physiological 
conditions difficult to secure or duplicate in experimentation. Then 
one or both of the species as ordinarily recognized may in reality 
consist of two or more elementary species, which may not differ 
widely in externa! anatomical characteristics, but exhibit widely diver- 
gent physiological characters and behave quite differently in breeding. 
A hybrid with one of these forms may differ in very many important 
particulars from a hybrid with another constituent of the same species. 
Of course if we deal with elementary species only in our usage of the 
term, this difficulty does not exist; but it does appear as a serious 
matter with the customary practice, as has been found in a number 
of breeding experiments, and furthermore musi be taken into account 
no matter by what method we consider a hybrid. 

Let us suppose, however, that we have actually in hand the two 
strains or elementary species by which the hybrid may have arisen, 
and we have still one more matter which may mislead us. This con- 
sists in the fact that reciprocal crosses are not always identical in 
their products. Thus the pollen of A and the egg of B do not neces- 
sarily make the same hybrid as the egg of A and the pollen of B. 

The pollination of Oenothera Lamarckiana by O. biennis gener- 
ally results in securing a progeny separable into seven types, some 
of which are stable and reproduce themselves exactly in succeeding 
generations, while others split into two or more forms in the second 
generation. On the other hand, the use of pollen of O. Lamarckiana 
on pistils of O. biennis results in a progeny embracing four types, 
none of which is identical with the components of the reciprocal cross. 
O. biennis shows a similar behavior in some other crosses in the 
limited observations recorded. In all such cases it must be under- 
stood that the number of types does not appear to be invariable, and 
that a progeny of a hundred thousand is likely to include more than 
one of a score. It is evident that in the determination of a hybrid 
by this method difficulties may be met with. Thus the failure of 
the operator to secure the supposed hybrid may not be considered 
















a 
a 
a 














1907] MACDOUGAL—HYBRIDIZATION OF WILD PLANTS 47 


as final proof that it may really have come by one of the rarer com- 
binations which he has missed. On the other hand, success may 
come with the first cross and in the first generation. 

In some instances the result of a hybridization is a single type 
which offers the qualities of the parents locked in a stable combina- 
tion in the first generation and reproducing without separation in 
successive generations. It is this type of hybridization that is implied 
in the general assertions as to the hybrid origin of any plant, and it is 
a type of which we have the fewest illustrations in breeding experi- 
ments. To recur again to the genus furnishing the example previously 
given, O. cruciata varia was suspected by the author to be a combina- 
tion of O. Lamarckiana and O. cruciata, and in the synthetization test 
the good fortune was encountered of selecting the one of the three 
known elementary species of O. cruciata which had originally entered 
into the union. The egg of O. Lamarckiana and the pollen elements 
of this form entered into a stable combination which has the distinct- 
ness and fixity of a species, and as a matter of fact this hybrid has 
been long mistaken for the true O. cruciata by a great number of 

“uropean gardeners and botanists. 

In addition to the difficulties of hybridization and interpretation 
of the results described above, it is also to be taken into account that 
in some instances a long period ensues between the act of pollination 
and the perfection of the fruit, and then a long time is necessary for the 
germination of the seeds and development of the progeny. Ten, 
fifteen, or even twenty years might be necessary to make an applica- 
tion of this method to some of the species of trees, which would 
obviously make it unavailable except under extraordinary circum- 
stances. 

The examination of the anatomical characters of a plant to deter- 
mine its ancestry is a method which has become of less esteem in the 
light of modern additions to information as to the character and 
behavior of hybrids. Of the various types of hybrids described it 
is of course the fixed hybrid which is most likely to come under exami- 
nation, and while it occasionally presents a fair average of the char- 
acters of the parent, more frequently it is goneoclinic to one or the 
other, and may be so near one parent that a gross or minute estimate of 
the tissue structure would offer nothing better than a guess as to the 
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other parent, a guess which might be fortified to some extent, perhaps, 
by the facts of distribution. In certain meristic qualities, such as 
the rate and total amount of growth, the hybrid may even exceed that 
of either parent, or be less than either. 

The mistaken impression prevails that hybrids bear defective 
pollen, but this is generally found to be the case only when the cross 
is unbalanced in many characters, particularly those appertaining 
to the reproductive functions. The infertility of many animal hybrids 
has also strengthened the assumption that plant hybrids share this 
defect. Many hybrids are quite as prolific in mature seeds as either 
parent, while in some that are offered by the seedsman and nursery- 
man they are claimed to excel in this respect. 

In any case where the comparative anatomical method is used, 
care must be taken to make observations upon material from similar 
stages of development. This is forcibly impressed upon one after 
following the growth of a hybrid which in the seedling stages shows 
a predominance of the qualities and anatomical characters of one 
parent, a different arrangement in the adult shoot, and a still different 
balance in the flower and fruit. 

The third method of study of a supposed hybrid is one which 
involves pure cultures of its progeny for one or two generations. 
If it should be a fixed hybrid no results will be secured which will 
be of value in the solution of the problem, since, so far as any facts 
offered by such cultures are concerned, the plant behaves as any 
other species. Presumably most of the species of suspected hybrid 
origin are of this character, but some of them undoubtedly will be 
found to be constantly re-formed and to offer alternative inheritance, 
and hence this test should be applied whenever practicable. 

If the supposed parents differ in but one or a few characters, 
and the hybrid shows alternative inheritance, the solution of the 
main question lies near at hand. It is not such simple questions as 
this however that we are usually called upon to solve. The real 
difficulties lie in the hybrids with the component qualities in stable 
combination, making a fixed hybrid, and with the forms which exhibit 
an interlocked combination of the ancestral characters in the first 
generation which resolve into the possible combinations of the dis- 
similar characters in the second, by which an enormous range of indi- 
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viduals is presented, which without close examination of a large 
progeny might appear to be a hopeless medley. This is best illus- 
trated by a plant which has been studied recently in cultures at the 
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Fic. 1.—A, leaf of Quercus rubra from N. Y. Botanical Garden; B, leaf of Q. 

Phellos collected at Ashland, N. J., Sept. 14, 1892; C, leaf of Q. heterophylla taken 

from tree from which acorns were taken for cultures, collected at Richmond Valley, 

Staten Island, N. Y., October 22, 1905.— X 4. 
: New York Botanical Garden, and at the Desert Laboratory, Bartram’s 


oak, Quercus heterophylla. 
Bartram’s oak was discovered as a single individual growing 
on a farm of Mr. John Bartram, near Philadelphia, on the banks of 
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the Schuylkill at some time previous to 1750. A rather complete 
history of the occurrence of other individuals which were included 
with this tree under the name of Q. heterophylla is given by Dr. 
ArtTHuR HOot.tick in Bull. Torr. Bot. Club (15:303. 1888) and need 
not be repeated here. 

After a consideration of various lots of material which appeared 
to differ widely, various botanists have regarded this tree as a hybrid 
between Q. Phellos and Q. tinctoria, Q. Phellos and Q. falcata, Q. 
Phellos and Q. coccinea, Q. Phellos and Q. palustris; while others 
have designated it as a variety of Q. Phellos, Q. coccinea, Q. aquatica, 
Q. nigra, and Q. imbricaria. It is notable that of the botanists who 
ascribed a hybrid origin to the plant all agreed that Q. Phellos must 
be one of the parents, a fact which will be easily explainable when 
an examination of its leaves is made. 

In October 1905 the author was accompanied to a locality on 
Staten Island by Dr. Hotiick and Dr. Brirron, where several trees 
of the species had been under observation by them for many years. 
About 75 acorns were procured from a tree which bore leaves of 
a form approximating that of jigs. 2 and 3, and were placed in the 
propagating houses of the New York Botanical Garden, with the 
result that 55 plantlets were available for study in December and 
January following. With the formation of the earliest leaves it 
became evident that a wide diversity of form of these organs and of 
other qualities prevailed, as shown by the photograph taken in April. 

In May 1906 all of the plantlets were transferred to the experi- 
mental grounds, and as development proceeded the diversity became 
still more marked. At the close of the season it could be seen that 
this group of plants included some which simulated Q. Phellos with 
its lanceolate entire leaves, while others were not separable from Q. 
rubra, the remainder being capable of arrangement in a series between 
these two poles. An examination of the literature disclosed the fact 
that the combined observations of the several botanists who have 
written on the subject refer to plants bearing almost the entire range 
of leaves noted in the cultures here described. In most of these 
accounts the leaves are said to be much like those of Q. Phellos, while 
some observations include notices of others which were broad lobed 
and notched, although most of these writers were extremely chary of 
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identifying any of the forms with those of Q. rubra. It is to be noted, 
however, that as a result of the consideration of gross anatomical 
facts and distributional data, Dr. Hoxiick and other botanists had 
finally concurred in the general conclusion that the tree was in all 
probability a hybrid between the red oak and the willow oak. 








I Ie III IV V V1 


Fic. 2.—Plantlets from progeny of tree of Q. heterophylla which bore leaves as 


in fig. 1,C. I bears leaves not distinguishable from those of Q. Phellos, and VI resem- 
bles Q. rubra. II, III, IV, and V form a series between J and VJ.—Photographed 


April 1906. 
I II V VI 
Fic. 3.—Series of leaves from progeny of Q. heterophylla, parallel to those shown 


III IV 
in fig. 2, but taken at the close of the season of 1906. 

















With our present available information concerning the behavior 
of hybrids this conclusion seems unavoidable. If we attempt to 
follow out the history of the hybridization as it may have occurred, 
however, we are compelled to rely upon inference in part. The 
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actual nature of the immediate product of the cross is not known. 
The parental species have undoubtedly sustained similar distribu- 
tional relations to each other for uncounted hundreds or thousands 
of years, and there is no reason to suppose that hybridization may not 
have taken place many generations ago. On this account it is not 
possible to say whether the tree from which the germinated acorns 
were taken was the immediate product of the cross or whether it is 
the nth generation of its progeny. 

In balanced crosses in which the parents show a large number 
of dissimilar characters, the first generation rarely offers the spec- 
tacle of pure dominance of the characters derived from one parent, 
and recessiveness of those from the other parent. It is only when the 
parents differ by a point or two only that such total dominance 
is seen, and the first generation or the immediate product of the cross 
resembles one parent or the other, and its progeny split in the next ; 
generation. In cases such as that under discussion, and which is also 
illustrated by the walnuts, the first generation shows a mixed domi- 
nance as well as a possible fractionization of some meristic qualities, 
so that the hybrid appears as an intermediate between the two parents, 
toward both of which its relative position may be variously estimated. 
In the second generation the movements of the recessives coupled 
with the range of fluctuating variability should give a wide diversity 
of types, varying in number with the number of differentiating points 
of the parents of the cross, which may include both parents, the type 
of the first generation, and an intricately interwoven connecting 
series of forms. 





By reason of the number of dissimilar characters involved in such 
a cross, the probability of deriving an individual composed entirely 
of recessive characters, or of the particular combination characteristic 
of either ancestor is very small. A progeny of hundreds of thousands 
of species would be necessary to furnish a series inclusive of both 
ancestors and intermediate combinations. 

While it may not be said that any of the plantlets of the progeny 
under observation are reconstituted ancestral forms, yet some of the : 
individuals include so many of the qualities of the red oak and willow 
oak that the evidence is overwhelmingly in favor of the conclusion 
that the origin of Q. heterophylla is to be attributed to the hybridiza- 
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tion of these two forms. Taking this conclusion as established, it 
may then be said that the name Q. heterophylla is at present applied 
to a medley of oak trees which possibly includes the first generation 
of a cross between Q. rubra and Q. Phellos, secondary hybrids with 
either parent, as well as successive generations in which various 
combinations of ancestral qualities may appear. 

Another aspect of the parental form of the above hybrid and 
the progeny remains to be mentioned. A collector covering the field 
occupied by the hybrid in which the parental forms come into contact, 
who gathered a full series of material from the trees available, would 
have data upon which mistaken conclusions as to intergradation of 
species by fluctuating variability might be made. This leads to the 
suggestion that any supposed intergradation of two species of seed- 
plants should be examined with respect to possible hybridizations 
before any final estimate is reached in the matter. 

Furthermore, it is to be seen that while in all reasonable probability 
opportunity for hybridization between these two oaks has been pres- 
ent for a period of unknown but undoubted great length, it has not 
resulted in anything in the way of occurrence or distribution suggestive 
of the disappearance of either parental form. The probably greater 
frequency of intra-specific fertilization over hybridization would secure 





this result. Then again it is to be seen that even in the case of com- 
plete cross-fertilization of all of the individuals there would be the 





probable reconstruction of the ancestral forms among the progenies. 

Quercus Rudkinii has long been reputed to be a hybrid between 
Q. Phellos and Q. marylandica, and a visit was made to the group 
of trees from which the species was originally described by Dr. 
BRITTON, in company with him and other botanists in October 1905. 
These trees stand near Cliffwood, New Jersey, and since the original 
discovery in 1881 others have been found on Staten Island and also 
to some distance to the southwestward in New Jersey. The mere 
facts of distributional relations together with the anatomical features 
offered by the bark and leaves led to the description of these trees 
as being of a hybrid origin from the willow oak and the black oak. 
If these facts only are taken into account, it seems quite as plausible 
to regard this tree as a hybrid as Q. heterophylla. The leaves from 
the included trees showed a range of forms that included the type 
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of Q. Phellos, but did not go wide enough to show duplicates of those 
of the other parent as described and figured by Dr. Britton (Bull. 
Torr. Bot. Club 9:13. 1882). The acorns likewise ranged from the 
form near that of Q. Phellos toward Q. marylandica, but included 
none that might be mistaken for the latter. The bark of the vari- 
ous individuals, on the other hand, seemed most like O. marylandica, 
although much variation was apparent (fig. 4). 
During the visit of 1905 acorns were 
found on trees of some of the types only, 
and material capable of germination was 
obtained from three of them. When these 
were at the end of the first year’s growth, 
which began in the propagating houses 
in January 1906 and ended in September, 
it was seen that the progenies of the three 
parents, selected for their dissimilarity, were 
fairly identical; and while a wide range of 
variability was found, this range did not 
exceed the limits of similar fluctuations 
offered by other species of oaks which are 
known to be unified hereditary strains. 
Over a hundred plantlets were carried 
through the first season, but no leaf-forms 
were exhibited which might be taken to 


Fic. 4.—Leaf of Q. Rudkini simulate either of the supposed ancestors, 
taken from tree at Cliffwood, 





ss 4 ecg aie although a comparative culture of seedlings 
taken for cultures.— X }. of these might have brought some resem- 
blances to light. The advanced stages, 
however, may modify this aspect of the progeny materially. Some of 
the trees examined bore only imperfect acorns, and the proportions 
incapable of germination taken from all of the individuals was 
large. This and other facts suggests a more widely unbalanced 
cross than in the case of Bartram’s oak, and it is quite possible that 
the dissimilarity may be so great that a finely graded series or a 
total series may be impossible in the actual combinations effected. 
As the facts now stand, however, the observations have not given 
any actual proof of a hybridization, although in view of the above 
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considerations this is not disproved. Synthetic tests, which would con- 
sume a large fractioa of a human life-time, and anatomical examina- 
tions are yet to be resorted to. Meanwhile this oak, which seems to 
be constant in successive generations within the limits of its variability, 
must be regarded as a species in accordance with current taxonomic 
practice, until some positive evidence to the contrary is obtained. 

The principles illustrated by the foregoing facts may be briefly 
summarized as follows: 

It is obvious that the facts of geographical distribution may be 
relied upon to furnish conclusive evidence as to the origin of a species 
or a hereditary quality only under very exceptional conditions, in 
which other possibilities are excluded, and then only in a circum- 
stantial manner. It is of course a basal and necessary fact that 
species not in contact may not hybridize, but the converse is true 
only when otherwise proven. 

So far as the plants of suspected hybrid origin from parents sug- 
gested by distributional relations are concerned, the methods of 
investigation available are two, which may separately secure affirma- 
tive evidence of conclusive value, while the third may bring no more 
than confirmations and suggestions. 

Attempts at synthetization, if successful, yield dependable con- 
clusions as to the composition of a hybrid, yet a failure to secure a 
form by synthesis may be due to innate and almost intangible diffi- 
culties in the hybridization of the forms concerned, by the different 
results of reciprocal crossing, and the difference in physic!ogical 
attributes of elementary species included under one name. Further- 
more, the natural form, the ancestry of which is under search, may 
have been a derived hybrid which became fixed in the nth generation 
by a fortuitous combination of dominant characters. To secure a 
similar result in an experimental test might be beyond the range of 
probability. 

In an anatomical examination such a combination of dominant 
and recessive characters with fluctuations in meristic features away 
beyond either parent may make the results of but little value until 
confirmed by data derived from other sources, before their full value 
may be known. 

A study of a fixed hybrid by cultural tests of its progeny will reveal 
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nothing as to its origin, and synthetization and anatomic examinations 
are the only recourse. On the other hand, if the progeny exhibits 
alternate inheritance, its components may show unmistakably the 
nature of the original cross. 

The last-named method demonstrates beyond reasonable doubt 
that Bartram’s oak is a hybrid derivative of the willow oak and red 
oak, the progeny being probably characterized by alternative inheri- 
tance of some of the qualities, and fractionization of others, instead 
of being a unified hereditary strain. Some of the plantlets included 
in a progeny of 55 individuals were apparent re-constructions of the 
ancestral types as observed at the close of the first year, while others 
were variously intermediate. 

Rudkin’s oak, on the contrary, yields no evidence in cultures 
of its progeny on which a defensible conclusion as to its origin may 
be based. The individual variability of the trees included under 
this name is very great, and some of these approach the willow oak in 
leaf-form, and some in the character of the acorns. The study of 
a large number of seedlings from three trees showed the willow oak 
in leaf-form and some of the characters of the acorns. The study of 
over a hundred plantlets showed a wide and practically identical 
range of variation. Alternative inheritance could not be traced. 
The individuals known under the name of Q. Rudkini produce a 
large proportion of imperfect acorns, but beyond this no facts sug- 
gestive of hybrid origin can be found, except the anatomical resem- 
blances noted. 

A list of the natural plant hybrids of North America was prepared 
by Mr. Davip GeorcE for presentation at the International Hybrid 
Conference in New York in 1902, but was not published. In this 
list it was noted that 117 natural hybrids had been reported as 
occurring in the indigenous flora of North America, in addition to 
some instances among the ferns and mosses. The manuscript having 
been placed at my disposal by the director of the New York Botanical 
Garden, a revision of the list has been made, some of the original 
references being omitted and a few added. No attempt has been 
made to make it actually complete, the sole purpose being to suggest 
material for extended observations similar to those described in this 
paper. The reported hybrids are distributed among the natural 
families as follows: 
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NAIADACEAE.—T wo cases in Potamogeton. 

CYPERACEAE.—Twelve hybrids in Carex. 

JUNCACEAE.—One hybrid between Juncus effusus and J. pacificus. 

LItIAcEAE.—One hybrid between Calochortus Benthami and C. albus. 

ORCHIDACEAE.—One hybrid between Habenaria lacera and H. psycodes. 

JUGLANDACEAE.—Three hybrids of Hicoria pecan with H. minima, H. alba, 
and H. laciniosa; one hybrid between Juglans nigra and J. cinerea. 

SALICACEAE.—About twenty supposed hybrids of Salix are noted; two hybrids 
of Betula are also reported, viz., between B. pumila and B. lenta, and between 
B. populifolia and B. papyrifera. 

FAGACEAE.—Thirty-five oak hybrids have been reported, but one of these, Q. 
Rudkini, has been tested, as described above, with negative results. 

RANUNCULACEAE.—A hybrid between Actaea alba and A. rubra; Clematis vior- 
noides is reported to be of a hybrid nature. 

CRUCIFERAE.—Roripa palustris is supposed to form natural hybrids with R. 
obtusa and R. sinuata. 

PoMACEAE.—Malus Soulardi is taken to be a cross between M. coronarius and 
M. Malus by some workers. 

ROsACEAE.—Geum strictum and G. canadense are supposed to form a hybrid. 

PAPILIONACEAE.—A hybrid between Baptisia australis and B. bracteata is 
reported. 

ANACARDIACEAE.—Rhus hirta is supposed to cross with R. glabra. 

RHAMNACEAE.—Ceanothus Lobbianus is taken to be a hybrid between C. thyrsi- 
florus and C. dentatus; it is also supposed that C. thyrsiflorus hybridizes 
with C. papillosus and C. sorediatus. 

VIOLACEAE.—A large number of hybrids of Viola have been reported. 

ONAGRACEAE.—Oenothera biennis and O. Oakesiana hybridize, the progeny of 
the first generation consisting of several types. 

CactTacEAE.—A hybrid is supposed to be formed between Opuntia fulgida and 
O. spinosior. 

CoRNACEAE.—Cornus Baileyi has been taken to be a hybrid between C. asperi- 
jolia and C. stolonijera. 

VERBENACEAE.—The evidence seems strong that Verbena canadensis and V. 
bracteosa, V. bracteosa and V. hastata, V. bracteosa and V. urticifolia, V. 
bracteosa and V. stricta, V. stricta and V. hastata, V. stricta and V. urtici- 
jolia, V. urticifolia and V. hastata, V. angustifolia and V. stricta, V. angusti- 
jolia and V. bracteosa hybridize. 

ACANTHACEAE.—Ruellia ciliosa parviflora has been supposed to be the result of 
a cross between R. ciliosa and R. strepens. 

LoBELIACEAE.—Lobelia syphilitica is supposed to hybridize with L. cardinalis. 

CiCHORIACEAE.—Prenanthes Mainensis is taken to be a cross between Nabalus 
racemosus and N. trifoliatus. 

ComPositar.—Hybrids are reported in Eupatorium, Solidago, Aster, Bidens, 

and Helenium. 
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The genera noted above are supposed to offer about two hundred 
hybrids, and as the observations have been made principally with 
the flora of eastern North America, in a region which probably does 
not furnish more than four thousand species, it is to be seen that 
the questions involved affect about 0.5 per cent. of the flora. Proba- 
bly not more than half of the instances included in the above list could 
be confirmed by actual tests; but on the other hand a closer examina- 
tion of other genera would reveal an equal number of actual occur- 
rences. 

Some of the constituents of the native flora are known to be constant 
unitypic hybrids, and hence have every claim to be regarded as 
species. The type of hybridization most widely different from this 
is illustrated by Bartram’s oak, and between these two diverse modes 
of action may be found. In gaining a more extended and accurate 
knowledge of the manner in which the qualities of separate unified 
strains of plants are alternative, or are interlocked, or fractionized in 
hybridizations, a vantage ground will be gained for the consideration 
of all questions in genetics as to saltations, minute accretions, and 
fluctuations of such characters. 


DEPARTMENT OF BOTANICAL RESEARCH, 
CARNEGIE INSTITUTION OF WASHINGTON. 
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BRIEFER ARTICLES 


ILLUSTRATING BOTANICAL PAPERS 


Long editorial experience in various methods of illustration of the 
BoTANICAL GAZETTE has convinced me that much more adequate and 
satisfactory results might be secured if authors knew something of the 
modern methods for reproducing photographs and drawings, and par- 
ticularly of the requisites for success. Requests for information of this 
kind, as well as the need felt in the editorial rooms, have determined me 
to discuss, as briefly as possible, the more important points. 

The first question for author and editor to settle is this: Shall the 
figures be distributed in the text or aggregated into plates? Too often 
this is unconsidered or decided in conformity to a custom which arose out 
of necessity in the past. The process of engraving wood and metal 
by hand was the original and very costly method of illustrating books 
and monographs. (The journal and short paper were not then in exist- 
ence.) The invention of lithography offered a vastly cheaper method, 
which was quickly adopted. The advantage of having figures close to 
the text they illustrated was surrendered, chiefly on account of the financial 
advantage, and partly because better effects could be secured by the new 
process. Modern methods, however, have made possible again the use 
of the text cut at the point where the figure will be of the most service to 
the reader. It is highly illogical, therefore, to conclude that because 
lithographed plates were used in the last century to illustrate the best 
scientific treatises and monographs, this mode of illustration is today 
evidence of first-class work. Yet novices are liable to precisely that mis- 
conception. There are some cases in which plates are still preferable 
to text cuts; e. g., when a large series of figures must be before the eye 
at once, or when the same figure must be referred to at many points. But 
these cases are much rarer than the prevalence of plates would indicate. 
Rather this prevalence indicates a want of consideration by the author, 
who from habit demands plates for a paper, but would never think of 
illustrating a book so. Having determined whether text cuts or plates 
are best, the mode of reproduction must be selected, for it is absolutely 
necessary to adapt the drawings to the chosen mode. 

At present the following forms of illustrations appear in scientific 
journals: (1) lithographs; (2) photolithographs; (3) photogravures; (4) 
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half-tones; (5) copper and zinc etchings; (6) wood-cuts. I propose to 
state the nature of each of these, its limitations, its adaptability to special 
needs, and the requisites, so far as the author is concerned, for successful 
reproduction of illustrations by each process. Some examples of each 
are cited from the recent volumes of the GAzETTE. This citation does 
not imply that the ‘‘copy” was what it should have been; but when it 
was not the citation is made in order to show what can be done even when 
the drawing was poorly adapted to a particular mode of reproduction. 

1. Lithographs ——These are made by drawing with crayon or pen cn 
a stone or metal plate the design to be printed. It requires an expert 
draftsman, accustomed to botanical work, to make such drawings well. 
Even at best the draftsman may make mistakes, or introduce interpreta- 
tions foreign to the author’s design. The chances of error increase the 
poorer the original drawing and the more the lithographer has to alter it 
to make it presentable. Thus the only advantage of the intervention cf 
an artistic hand is accompanied by a distinct disadvantage, and this 
disadvantage is increased by the likelihood that he who can only make a 
poor representation of his observations is the more likely to overlook 
errors on the part of the draftsman. 

In this country the cost of lithography is almost prohibitive, and the 
work on histological and cytological subjects is rarely good. The inev- 
itable delays, if drawings are sent to Germany and proofs returned, not to 
mention other difficulties, make it almost impracticable to attempt lithog- 
raphy. And if good drawings can be furnished, other methods are far 
better, because they provide for photographically exact reproduction. 
The only possible reason why a lithograph should be desired lies in the 
necessity of making poor drawings presentable. This should be obviated, 
if a second hand must intervene, by employing an artist to make drawings 
which can be reproduced photographically. Money is much more wisely 
spent on clear and accurate drawings, which can be corrected at leisure, 
than on expensive lithographs, with the artist across an ocean or a con- 
tinent. 

Examples :—32: pls. 1-3 (German work, cytological); 33:pls. 10, 11 
(American work, entire plants); 30:pl. 12 (American work, cytological). 

2. Photolithographs.—These are made by covering the surface of 
stone or metal with a composition which will become insoluble when 
exposed to light and printing on this prepared surface a photographic 
positive of the design. After further preparation the design may be 
printed on paper by inking the face of the plate. Such printing is done 
by special power- or hand-presses and cannot accompany the text. It 
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is available therefore for plates only. It is not an expensive process 
and gives better results than zinc etchings. It is recommended whenever 
plates are required. The drawings must be of the same kind as for copper 
and zinc etchings (see 5). 

Examples:—35: pls. 4, 5; 36: pls. 17-20 (printed in paler tinted inks) ; 
37: pls. 14, 15, 26, 27; 38: pls. 1-4; and especially 42: pls. 19-28. 

3. Photogravures—These are printed from an etched metal plate or 
from relief plates, the design being reproduced by rather elaborate mechan- 
ical and photographic means. The process is unsuited to anything but 
plates; and as the prints must be made separately on hand-presses, photo- 
gravure is expensive, costing three to four times as much as photolitho- 
graphs, zinc or copper etchings, or half-tone work. The advantage is 
that photographs and all kinds of drawings (whether in ink, crayon, or 
pencil; whether in line or tint or wash) can be reproduced with the utmost 
fidelity, with an almost perfect rendering of tone and of light and shade. 
Pencil drawings, however, may be too weak in contrast to permit effective 
reproduction; and inasmuch as contrast is always somewhat reduced, 
shaded drawings should show a little more than is desired. 

Examples:—33: pl. 1 (from pencil drawings); 34: pl. 17 (from pen 
and wash); 37: pls. 11-13 (from pencil and wash); 38: pls. 6, 7 (from 
pencil, background removed). 

4. Half-tones—These are relief plates, usually of copper, in which 
the ‘‘grain,” instead of being of almost imperceptible dots irregularly 
distributed as in photogravure, is produced by a screen of ruled lines, 
whose intersections form equally spaced dots, isolated, or blended with 
others into irregular lines or surfaces. Half-tone work is adapted to 
photographs and to varied styles of drawing, like photogravure; but as 
the “‘grain” is coarser it does not equal that process in delicacy or range. 
Yet when the screen used is fine and the workmanship first class, the 
results are almost as good. It has the very decided advantage that the 
metal plate may be mounted on a block and may then be printed along 
with type. It is necessary, however, to use a very smooth paper, either 
highly calendered or coated with clay. The coated papers are believed 
to be not durable and are to be avoided whenever possible. 

Half-tone work alone is available for reproducing photographs to be 
printed in the text. Good prints (not negatives) are needed, showing 
sharply the details desired. Almost any sort of print can be reproduced; 
but engravers prefer, doubtless from habit, those made on Solio paper, 
toned brown. In case any painting-out of defects or background is to 

be done, unglazed prints are preferable. 
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If wash or pencil drawings are to be reproduced, contrast should be 
greater than desired, since there is necessarily a light gray background 
representing the whites of the picture. Except when figures have too 
intricate outlines this background can be cut away. 

Examples:—35:198-207; 38:48-57; 37:304-5 (which shows what 
can be done with simple apparatus by cutting away and vignetting the 
background); 39: pl. 8 (pencil drawing, background cut away); 39: 
pl. 4 (2d issue; from water color); 41: pls. 1, 2 (from photomicrographs; 
compare wth photogravure from similar originals, 32: pls. 15-17); 41: 
pls. 3, 4 (from pen and pencil, line and stipple, combined with wash; 
compare with potogravure from similar original, 3'7: pls. 11-13). 

5. Copper and zinc etchings.—All the previous processes are as truly 
dependent on etching by some solvent as are these. The term is used to 
distinguish the copper or zinc plates, made without grain or screen, mounted 
type high and intended for printing on an ordinary press. Copper is 
used for the finer and more delicate work; zinc where the work is bold. 
Naturally the copper block is the more expensive. This process is in all 
ways the one best suited to reproduce drawings for text use. It is also 
satisfactory for plates; indeed there is scarcely any work that cannot be 
adequately and conveniently illustrated by it, if only the drawings are 
made with reference to this mode of reproduction. 

Drawings must be in dead black ink (BourGEors Arnf, Encre de 
Chine Liquide; Winsor and Newron, Liquid India Ink; Hiccrns, 
Waterproof Drawing Ink), and always in line and stipple only. Pale 
ink or a wash or tint make the use of the process impossible, unless the 
etching is supplemented by a second block in half-tone. Drawings should 
not be less than one half larger than the reproduction is to appear; prefer- 
ably they should be of double size, and for open diagrams or charts treble 
or even quadruple size may be better. This permits refinement of line 
and fine shading without excessive care in making the original. To see 
how a coarse drawing will look a concave lens 4 or 5°™ in diameter should 
be available. There are few observers who can draw at all, and none 
who draw well with a pencil, who cannot readily acquire the art of drawing 
with ink in a style suitable to be reproduced by copper or zinc etching. 
This gives freedom to put illustrations in the text where this is desirable, 
or to combine them into a plate if necessary. 

Examples:—26; pls. 1, 2 (a fine example of pure line); 32: pls. 10- 
12 (almost pure stipple); 33: pl. 14 (line and stipple); 36: facing p. 188 
(map, letters and figures pasted on; red index lines and figures by second 
printing); 39: facing p. 102 (map, two blocks made from single drawing 





1907] BRIEFER ARTICLES 3 
and printed separately); 38: 347-361 (graphs and intricate tabular work; 
note especially insert after p. 356); 40: pls. 10, 11 (line with wash; block 
a combination of half-tone and zinc; not recommended). 

6. Wood-cuts.—The expense of this process is prohibitive, especially in 
view of the many mechanical processes whose results are equal or better. 

General suggestions.—It is advisable for convenience in sending 
drawings and photographs by mail that they be unmounted. If they are 
to be arranged in groups that cannot be designated by serial numbers 
alone, they may be arranged as desired on a sheet of thin paper, the outline 
of each roughly traced thereon, and the chart folded and forwarded with 
the separate sketches or photos in a small package. 

tndex letters should be printed and pasted on at the end of index 
lines. Avoid the use of more than one letter at each line, but keep the 
same letter for the same structure throughout. Syn is no more significant, 
as applied to synergids, for anyone competent to read the paper, than the 
letter s or x. Sheets of printed letters and numbers will be supplied on 
request. 
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It is very instructive to compare original drawings and reproductions; 
much can be learned from a single experience which can be applied to 
modifying future work. 

For drawing, an ordinary sharp Spencerian or Gillott pen is better 
than the excessively fine lithographic and crow-quill pens. Fine lines and 
very fine dots are not only entirely unnecessary, but too often they disappear 
in etching the plate, when moderately coarse lines and dots are properly 
reduced. Bold drawing on a large scale with proper reduction gives 
better results than the fine work done under a lens on a scale that permits 
only one fourth reduction or less. Plates may be printed in paler inks 
or tints to secure softness. Drawings unsuited to photographic reproduction 
are often excused on the ground that the author drew indistinctly because 
he saw the outline faintly. But a drawing which is dead black and shows 
the harshest contrast in order to be reproduced photographically, may be 
printed in as faint a tint as desired, thus reducing contrasts and eliminating 
the objectionable harshness. Where extreme gradations of tone are 
necessary, of course half-tone or photogravure should be employed.— 
CHARLES REtp Barnes, The University of Chicago. 














CURRENT LITERATURE 


BOOK REVIEWS 


Some elementary textbooks 

The series of well-known and very successful elementary texts of BERGEN 
has been increased by a new one in collaboration with DAvis.t Every successful 
teacher of botany recognizes that there are possible different lines of approach 
to the subject. Hence it is quite usual for texthooks to be so arranged as to 
permit selection and rejection to fit the desires of various teachers. However, 
when two plans of organization are carried out practically throughout the whole 
plant kingdom, really two courses in botany are provided for. Such is the arrange- 
ment of the book under consideration, which consists essentially of two books 
bound together. 

Part I, on ‘‘The structure and physiology of seed plants,” and Part III, on 
‘Ecology and economic botany,”’ comprising 29g pages of the book, are by Pro- 
fessor BERGEN. They have a distinctive method of presentation, and include 
most of the topics found in the widely used and successful Foundations of botany 
which the present hook is designed to supplant. Part II (256 pages), on “‘The 
morphology, evolution, and classification of plants,” is by Dr. Davis. Parts I 
and III are topical in nature, while Part II is arranged according to the increas- 
ing complexity of the plant kingdom. The authors suggest that “the whole will 
furnish material for a full year’s work,’’ usually omitting portions, and “that a 
half-year course can be readily arranged by selections from the more general 
sections of the book.” 

The work begins with three chapters on the seed and seedling, followed by 
two upon roots, three upon stems, others upon form and arrangement of buds and 
leaves and upon the minute structure and the function of leaves. The remaining 
chapters of Part I deal with the flower and fruit. In Part ITI, in addition to the 
rewritten chapters on topics usual]y found under the caption of ecology, there 
is a chapter on ‘‘Plant breeding” and one on ‘“‘Some useful plants and plant 
products.’ ‘These are the best statements of these topics that have appeared in 
elementary texts of botany, and constitute a valuable addition to the work as 
previously outlined in Foundations of botany. 

Part II is a detailed statement of existing knowledge of the evolution of 
plants, insofar as that knowledge is based upon morphology and cytology. The 
second paragraph in this part reads as follows: 

One department of morphology (comparative morphology) deals with the various 
forms or disguises which the same sort of organ may take in different kinds of plants, 


t BERGEN, JosEPH Y., and Davis, BRADLEY M., Principles of botany. pp. ix+ 
555. Boston: Ginn and Company. 1906. 
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and compares these structures with one another. For example, the foliage leaf is a 
well-defined organ which can be recognized at a glance; but it requires some study 
to understand that the scales on the bud and around an onion, and also some forms 
of spines and tendrils are morphologically leaves, that is, are leaves variously modified. 
Because all of these structures are related to one another, they are called homologous, 
and morphology studies the homologies or relationships of organs. Comparative 
morphology is one of the interesting subjects of biological study, since it furnishes 
the basis for the established belief in the evolution or development of the higher plants 
and animals from simpler forms. 

Furthermore, before beginning the study of types, the author says concerning 
the process of evolution: 

The forms and groups split up into divergent lines which constantly gave off, and 
are still giving off, new shoots. Thus from a number of trunks in the beginning there 
have been derived a multitude of smaller branches, and from these in turn have arisen 
countless twigs. It is impossible to construct accurately these genealogical trees, 
because the species now living occupy the position of buds on the structure, some 
relatively low down and some at the highest points, but all at the ends of their respec- 
tive lines of development. 

If the student has come to the second part after a careful study of the first, 
the foregoing paragraphs possibly may be significant to him. If, as a suggested 
possibility in the preface, the student should begin his study with the second part, 
such statements must prove bewildering. Presumably he knows little or nothing 
of the terms used nor of the structures or organs of which they speak, and it 
would seem that attempts at this point to show the significance of ‘‘comparative 
morphology” would be lost. Also, within the first dozen pages the difficult topic of 
photosynthesis, with the outlines of the chemical formulae involved, is presented 
within the limits of a page. Upon a clear understanding of this topic the signifi- 
cance of much of the subsequent work must depend, and if the chemistry of the 
process is presented at all, it should be in such a form as to be understood by 
immature minds. 

The number of types used and the detail with which their part in the evo!u- 
tionary story is presenied are far greater than has yet appeared in a text designed 
for elementary use. Indeed few texts used by college classes are so inclusive. 
It is difficult to understand just how elementary students are going to see the 
significance of such discussions as (1) that of reduction of chromosomes in Coleo- 
chaete as rejated to claims of a sporophytic generation in that plant; (2) of the 
“Imperfect fungi;” (3) of the ‘‘Evolution of the flower;” (4) of frequent refer- 
ence in brackets or otherwise to highly specialized genera that are unexplained 
in the text. The author suggests that such topics be omitted if thereby the 
teacher’s ideas are met in a better way; but in many cases subsequent discussion 
involves a knowledge of these features. A summary at the end of each sroup 
serves to simplify many of the more difficult points. 

A highly commendable feature is the introduction of such topics as ‘‘ Public 
health,” and ‘Fossil plants and coal.” Frequent suggestions as to economic 
aspects of plants under discussion add muck to the value of this part of the book, 
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as is also true of Parts I and III. The entire book 1s profusely and well illus- 
trated, some most helpful diagrams being included. While the book as a whole 
is too heavy for the average high-school work, it will be almost indispensable 
as a reference work because of its large amount of information, its abundant 
illustrations, and its helpiul suggestions as to the significance of structures and 
their relationship to one another. A glossary of terms used and a laboratory 
guide to accompany the text are in process of preparation by the authors. It is 
unfortunate that the glossary of terms is not bound with the text including the 
terms to be explained. 


The series of texts prepared by CouLter has also been increased.?_ In 
former textbooks by Professor COULTER, separate treatment was given to mor- 
phology and ecology, with work in physiology less distinctly outlined. Those 
books, while possibly not so extensively used as some others, certainly served 
as the strongest stimulus in bringing about the introduction of modern botany 
to supplant the rather mechanical and less representative work that had pre- 
vailed in high schools. The testimony of some teachers indicates that at least 
for some schools Plant Structures represents a course too difficult for the students, 
and that Plant Relations is not sufficiently representative of plant processes. 
Plant Studies is made up essentially of parts oi the two preceding books bound 
together. In the new text the author has attempted to articulate more closely 
morphology, physiology, and ecology. presenting morphological features more 
prominently than others. 

The first five chapters include a presentation of ‘‘the structure, function, and 
relationship of the most obvious plant organs.”’ The plants selected as types in 
these chapters are all seed plants, those most familiar to high-school pupils, and 
most readily examined by inexperienced observers. Following this general dis- 
cussion, eight chapters are given to a consideration of the great groups of plants, 
beginning with Cyanophyceae and ending with angiosperms, giving an outline of 
the typical structures, functions, and habits found in each group. Chapter XTV 
treats of ‘Pollination,’ XV of Seed dispersal,” XVI to XVIII of the leading 
families of monocotyledons and dicotyledons, XIX of ‘‘Plant breeding,” XX of 
“Foresty,” and XXI to XXIV of ‘Plant associations.” 

There are several important points in which this book is conspicuously unlike 
preceding ones by the same author. Botanical terminology is simplified in form 
and less frequently used. The types selected and the style in which thev are 
presented results in a much simpler treatment of the plant kingdom than in 
Plant Structures: Frequent interpolation of statements concerning economic 
uses of plants under consideration adds interest and gives a measure of satisfaction 
to the student’s desire for a knowledge of utility. The far too brief chapters 
” 


on “Plant breeding” and ‘“‘Forestry” give but a meager suggestion of these prac- 


2 COULTER, JOHN M., A text-book of botany. pp. ix+365. New York: D. 
Appleton and Company. 1906. 
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tical phases o1 botany. The reduction of the space given to plant associations to 
thirty pages leaves this topic more nearly within the bounds in which it should 
be found in a general elementary course in botany. But the most important 
of all the new features of the book is its general plan of organization: first a general 
introduction to plant structures and functions by the use of the most accessible 
and best known plants; second upon this foundation follows a presentation of 
groups in logical order, a knowledge of structure being that around which a knowl. 
edge of use and adjustment is arranged, this being done, however, without classi- 
fying the different phases definitely into morphology, physiology, and systematic 
botany; and thirdly, a presentation of special phases of plant life follows the 
laying of general foundations—OtTis W. CALDWELL. 


Water plants 


The literature pertaining to water plants promises to be greatly enriched 
through a series of studies by Gritcx.s The first volume (unhappily called 
Erster Teil, though a book in itself, the second “ part” being likewise an independ- 
ently paged volume) deals with European Alismaceae, of which 8 species, 
representing 5 genera, were studied. This study differs from that of SCHENCK, 
SAUVAGEAU, and others, in that while they have specially treated the anatomical 
or geographical aspects, the emphasis here is chiefly on the biological side and 
by experimental methods. ‘This shifting from the static to the dynamic is in 
harmony with the present trend of investigation. The book will be of interest 
to the ecologist and morphologist, and has as well a message for the systematist. 

Part I of this first volume is descriptive of the experiments. Plants were 
studied in various relations to water, the cultures approximating all ordinary 
conditions of the uncultivated state. Typical of the author’s methods is his 
treatment of Alisma Plantago. He studied first the land forms and those growing 
in water of various depths. Records were kept of macroscopic observations, 
measurements of parts, and peculiarities of behavior. Land-grown seedlings 
were then subjected to various aquatic conditions, even to submergence at depths 
as great as four meters. Older land plants were also subjected to similar experi- 
ments. Both, under certain conditions, determined by size of plant and amount 
of stored food, took on the form of leaf usually characteristic of the habitat. In 
some experiments water plants were transformed to land forms. There were 
also observations on the influence of habitat on the formation of flowers and 
fruit, and the conditions in which plants pass the winter. 

While the results demonstrate the remarkable plasticity of these forms, there 
seem, however, to be rather definite limits to their variability. For example, the 
experiments seem to have established the correctness of the old division of A. 

3 GLtcx, Huco, Biologische und morphologische Untersuchungen iiber Wasser- 
und Sumpfgewichse. Erster Teil: Die Lebensgeschichte der europiischen Alis- 
maceen. 8vo. pp. xxiv+312. pls. 7. figs. 25. Jena: Gustav Fischer. 1905. M 20. 
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Plantago L. into two distinct species, as it was impossible, even by long continued 
cultures, to transform one into the other. 

Upon five of the forms special experiments to determine the influence of light 
were conducted. In general, however, the variable factor was the water relation, 
and this of course exercised some influence on numerous other relations. To 
change the degree or depth of submergence of a plant may not only alter the 
water relation, but cause as well differences in pressure, light, temperature, air, 
etc. It seems unfortunate that in all this study there was no exact attack upon 
certain of these factors individually, instead of the consideration of ensemble 
effects. Anatomical studies, too, would have been of interest, but the author 
felt he could not undertake the task at this time. 

Part II is a summary of results. The plants are classed, without regard to 
systematic relations, into four habitat groups, viz.: land forms, shallow water 
forms, floating forms, and submerged forms. Each of these habitat groups is 
characterized by a certain type of leaf, though they of course intergrade. Each 
of these four dominant leaf types is discussed in relation to the environment 
producing it, especially the water relation. The optimum condition for general 
development was usually found to be shallow water. One plant, however, 
Echinodorus ranunculoides repens, grew best on land. 

In discussing the flowering habits of aquatic plants the author notes that the 
land and shallow water forms flower more freely, and he suggests a relationship 
between the leaf types and the flowering habits. It would seem, however, that 
the explanation might be readily thrown back, at least to the factors that produced 
the various leaf types. 

Three of the Alismaceae studied were able to develop flowers and to open 
them while wholly submerged. On bright days these flowers were observed to 
open in the water, each surrounded by a bubble of gas. Only one of these, 4. 
graminifolium, was able to develop and ripen seeds without coraing to the surface. 

Metamorphosis of flowering shoots into leafy axes was accomplished by chang- 
ing the habitat. In Elisma natans and Echinodorus repens the amount of meta- 
morphosis was immediately correlated with degree of submergence. Beyond a 
certain depth only vegetative structures were developed. 

Under the head of formative factors the chief external influences discussed 
are those of water as such, depth of water, air, temperature, and light. The con- 
sideration of internal factors is limited to one-—the quantity of reserve food. 

The author concludes with a summary, in Latin, of his systematic concep- 
tions of the forms studied.—Rosert B. WYLIE. 


The second volume* is concerned with the Utricularias of central Europe, 
the formation of turions by water plants, and Ceratophyllum. GLtiicK finds, 


4 GLtcxk, Huco, Biologische und morphologische Untersuchungen iiber Wasser- 
und Sumpgewichse. Zweiter Teil: Untersuchungen iiber die mitteleuropaischen 
Utricularia-Arten; iiber die Turionenbildung bei Wasserpflanzen, sowie iiber Cerato- 


phyllum. 8vo. pp. xviiit+ 256. pls. 6 + figs. 28. Jena: Gustav Fischer. 1906. M. 18. 
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apparently with some surprise, that the morphology of Utricularia shoots can be 
best understood by considering the leaf and the axis homologous and equivalent 
structures—a point of view perhaps not so novel to others. Various forms, 
@ +pendent on habitat, are described in the six recognized species. The so-called 
izoids, really modified shoots, arising from the base of the inflorescence, are 
artly anchoring and partly nutritive organs. Aerial shoots from water forms 
issist in gaseous exchange. 

The formation and behavior of turions (special buds which become detached) 
is examined in a considerable range of water plants (Elodea canadensis, Stratiotes 
aloides, Hydrilla verticillata, Myriophyllum verticillatum, Utricularia (6 spp.), 
Aldrovandia vesiculosa, Caldesia parnassifolia, Potamogeton (7 spp.), and Hydro- 
charis morsus-ranae), and the structures are figured. The formation of these 
buds, usually in autumn in consequence of lowered temperature, may also be 
brought about by other unfavorable conditions. Growth may be resumed in 
autumn, but usually they hibernate in the water. Some withstand freezing in 
ice or mud; most are killed by it. As reproductive and hibernating structures 
the turions replace seeds largely, since the habitat of water plants is unfavorable 
to seed-forming. 

Regeneration phenomena examined in Utricularia were referred to ‘‘corre- 
lation,” the accumulation of plastic material at certain points causing the Neu- 
bildung. 

Ceratophyllum, which has been widely believed to be a free swimming plant, 
” (peculiarly modified shoots 
6-25°™ long), which are also permeable to food materials. 

New forms are described and the general results of the study are applied to 
the taxonomy of the plants. 


is shown to be originally anchored by ‘‘rhizoids 


Want of an index in both volumes, beyond mere names of plants, makes 
the facts gathered difficult of access. When will authors learn that they owe to 
themselves, if not to other users of their work, the drudgery of index making ?— 
CREB. 


MINOR NOTICES 


Contributions of U. S. National Museum.—The current issue of this series 
contains the fifth paper by RoseES under the title ‘Studies of Mexican and Cen- 
tral American plants.” It also represents the fifth journey of Dr. Rose to Mexico, 
which has enabled him to write with a large field experience. The numerous 
plates, some of them reproductions of photographs, bring the plants vividly to 
the eye. Four new genera are described, as follows: Calibanus (Liliaceae), 
Spbhinctospermum (Viciaceae), Pseudoxalis (Oxalidaceac), Escontria (Cactaceae). 
The four following genera have been reestablished: Beaucarnia (Liliaceae), 
Odonia (Viciaceae), Biophytum (Oxalidaceae), Terebinthus (Balsameaceac). 


5 RosE, J. N., Studies of Mexican and Central American plants. No.5. Con- 
trib. U. S. Nat. Herb. 10: 79-132. pls. 16-43. 1906. 
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The Mexican species of the following genera have been brought together: Beau- 
carnea (3 new), Dasylirion (1 new‘, Nolina (3 new), Castalia (1 new), Bentha- 
mantha (3 new), Dolicholus (3 new), Odonia (3 new), sessile-flowered species of 
Parosela (5 new), some Mexican species of Ionoxalis (17 new), Lotoxalis (3 new), 
Terebinthus {7 new). The North American species of Krameria are presented, 
3 being new. New species ate also described under the following additional 
genera: Fcheandia, Clematis (2), Potentilla, Alchemilla (2), Pithecolobium, 
Bauhinia (3), Cassia (4), Hoffmanseggia, Cologania (2), Geranium (3), Linum 
(2), Polygala (3), Abutilon, Wissadula (2), Hypericum (4), Calceolaria, Opuntia, 
Echinocactus, Arracacia (2), Deanea (4), Eryngium (2), Prionosciadium.— 


J. M.C. 


NOTES FOR STUDENTS 


Plant diseases —JoNES and Morse have published further results of their 
studies of the Irish-potato diseases in Vermont.® Spraying late potatoes with 
Bordeaux mixture for late blight and rot, due to Phytophthora infestans, gave an 
average gain per acre, during fifteen years and covering a number of varieties, of 
119 bushels. Against early blight, due to Alternaria solani, three sprayings 
with Bordeaux gave very much increased yields. When loss from rot is antici- 
pated, potatoes should be exposed as long as possible to the sun and air before 
being placed in storage. Cold storage was found to reduce greatly the damage 
from rot during storage. Liming and formalin disinfection were of no value. 
Against potato scab, due to Oospora scabies, formalin gas proved effective, even 
better results secured in this manner than by soaking in formalin solutions. 

STEWART, Eustace, and SrrrinE have published the results of the fourth 
year of their ten-yearspraying experiment with potatoes.? Soda-Bordeaux did 
not prove more satisfactory than the usual lime-Bordeaux. In thirteen of the 
experiments reported the average gain due to spraying was $20.04 per Acre, 
while the average cost of spraying for the same experiments was $4.25 per acre. 

Coss presents further studies on the gumming of sugar cane,® a bacterial 
disease, due to Bacterium vascularium (Cobb) Greig-Smith, first described by 
the same author from Australia. One of the prominent symptoms of the disease 
is the escape of a yellowish slime or gum from the cut end of the stem. The 
disease affects chiefly the vascular bundles, but the parenchymatous tissues 
are also attacked, and in the upper part of the stem cavities, which contain as 





6 Jones J. R. and Morse, W. J., Potato diseases and their remedies. Rept. 
Vt. Exp. Stat. 18:272-291. 1906. 

7 Stewart, F. C., Eustace, H. J., and Srrrine, F. A., Potato spraying experi- 
ments in 1905. Bull. N. Y. Geneva Exp. Stat. 279:151-229. pl. I-5. map I. 1906. 
See also Bull. N. Y. Geneva Exp. Stat. 264:93-204. pl. I-16. map I. Rev. in Bor. 
GAZETTE 413364. 1906. 

8 Cops, N. A., Third report on gumming of the sugar-cane. Bull. Div. Path. 
and Phys. Hawaiian Sugar Planters’ Assoc. 3:1-46. figs. I-12. 1905. 
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much as a teaspoonful, are often filled with this yellow slime. Some sorts of cane 
seem to be quite resistant to the disease, and in their use, as well as in taking care 
to avoid diseased cuttings or “‘seed cane,” are to be found the principal means of 
combating the disease —E. MEAD WILCox. 





Items of taxonomic interest.—J. Huper (Boletim Mus. Goeldi 4:510- 
619. 1906), in his sixth paper on the plants of the Amazons, describes a new 
genus (Browneopsis) of Leguminosae (Caesalpineae).—F. S. CoLttns (Rhodora 
8: 189-196. 1906), in presenting a synopsis of the species of Acrochaetium and 
Chantransia in N. Am., describes 2 new species of the former.—B. L. RoBrnson 
(idem 196-199), in discussing the nomenclature of the New England Lauraceae, 
shows that under the Vienna rules ‘‘spice bush” bears the name Benzoin aesti- 
vale (L.) Nees, and ‘‘sassafras” the name Sassafras variifolium (Salisb.) Ktze., 
thus happily getting rid of two “ and in the same issue 
(202-204) he shows that the well-known ‘‘queen of the prairie” (Spiraea lobata) 
becomes Filipendula rubra (Hill) Robinson.—J. C. ARTHUR (Bull. Torr. Bot. 
Club 33:513-522. 1906) has described new species of Uredineae under Uromyces 
(2), Puccinia (2), Melampsora, Uredo (3), Caeoma, and Aecidium (3).—W. H. 
BLANCHARD (Rhodora 8: 169-180. 1906) has published 9 new species of Rubus 
from Maine.—M. L. FERNALD (idem 181-185) has published a new species and 
several new varieties of Carex from eastern N. Am.—D. Pratn (Annals of Botany 
20: 323-370. pls. 24-25. 1906) in a revision of Meconopsis recognizes 27 species, 
four being described as new; and in a revision of Cathcartia he recognizes 4 species, 


, 


duplicate monomials;’ 





one of which is new.—In a fascicle of 27 papers on Weberbauer’s collections of 
Andean plants, edited by Icn. UNBAN (Engler’s Bot. Jahrb. 3'7:503-646. 1906), 
a large number of new species are described, and new genera are established in 
Leguminosae (Weberbauerella) by E. Utricn and in Asclepiadaceae (Steleo- 
stemma, Schistonema, Pentacyphus, Tetraphysa, Stelmatocodon) by R. SCHLECH- 
TER.—P. Dretet (Ann. Mycol. 4:421-423. 1906) has described a new genus 
(Chnoopsora) of Uredineae from India.—T. D. A. CocKERELL (Nature 75: 
7. 1906), in a note on “‘the evolution of the Colorado spiderwort,”’ incidentally 
describes and names a new species (Tradescantia universitatis).—J. M. C. 


Scottish peat mosses.—Under a grant from the Royal Society of Edinburgh, 
Francis J. Lewis has been investigating the plant remains in the Scottish peat 
mosses, and some of the results are now published.® In the southern uplands 
the peat in all the districts examined shows a definite stratification of plant 
remains, indicating a swing from woodland to heath and moss, and again to 
woodland. In some districts an arctic plant bed is interposed between the 
lower and upper woodland beds. The regularity of the sequence of the beds 

9 Francis, J. Lewis, The plant remains in the Scottish peat mosses. I. The 
Scottish southern uplands. Trans. Roy. Soc. Edinburgh 41:699-723. pls. 6. 1905. 
II. The Scottish Highlands. Jdem 45:335-360. pls. 4. 1906. 

The history of the Scottish peat mosses and their relation to the Glacial period. 
Scottish Geog. Mag. 1906: 241-252. 
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and their general agreement on similar although widely separated areas tend to 
show that they represent successive changes in the vegetation due to climatic 
changes during the passing away of the Glacial period. None of the districts 
investigated show any remains of arctic plants at the base of the peat; but some 
of them, on the contrary, contain remains of hazel in the basal layer. As an 
illustration of sequence, that of the Galloway peat is as follows: (1) birch forest 
(lower buried forest), (2) arctic plant beds, (3) pine forest (upper buried forest). 
The evidence seems to give support to the view that the later phases of the Glacial 
epoch were separated by somewhat long genial interglacial periods. The details 
given in the two papers, and well illustrated, are full of interest to students of the 
succession of floras. 

In the Highlands the peat deposits are divided into two groups: (1) those 
of the western districts, possessing no arctic plants at the base, but a forest bed 
(Betula and Corylus), overlaid by plants indicating wet moorland conditions; 
and (2) those of the northern and northeastern districts, possessing only one 
well-marked forest bed, and with an arctic plant bed at the base of the peat.— 
J. MOC. 


Geophilous species of Peperomia.—HILL'° has been investigating the peculiar 
geophilous species of Peperomia, his attention having been called to them during 
travels in the Andes of Bolivia and Peru. These species form a comparatively 
small section of a large genus, having corms or tubers or rhizomes, which seemS 
to be correlated with the possession of more of less peltate leaves. Detailed 
descriptions of the seedlings of the different species serve as an introduction to 
general discussion and conclusions. In these forms the cotyledons exhibit a 
remarkable division of labor, one remaining within the seed and serving as an 
absorbing organ, the other becoming aerial and green. From this fact as a 
start, H1tt sees change of function of one of the cotyledons gradually leading 
into the monocotyledonous condition. The large conclusion is the origin of the 
monocotyledons from dicotyledons, as held by Miss ETHEL SARGANT, but the 
method is different. Miss SARGANT sees the origin in a phylogenetic fusion 
of the two cotyledons; while HILt sees it in the change of function of one of the 
aerial cotyledons to an absorbing organ. While Miss SARGANT traces the con- 
nections between Ranunculaceae and Liliaceae, HILL traces them between 
Piperaceae and Araceae. The Piperaceae are certainly very primitive dicoty- 
ledons, and the Araceae are the most Dicotyledon-like of the monocotyledons; 
and the transition from the geophilous species of Peperomia to those of Arisaema 
seems quite plausible. However, such discussions as yet are only suggestive 
of further investigations; and it is conceivable that there may have been more 
than one way of passing from the dicotyledonous to the monocotyledonous con- 
dition.—J. M. C. 


10 Hirt, ARTHUR W., The morphology and seedling structure of Peperomia, 
together with some views on the origin of Monocotyledons. Annals of Botany 20: 
395-427. pls. 29-30. 1906. 
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Water movement and turgor in wilting plants.—PRINGSHEIM has undertaken 
some important work which may be reasonably expected finally to bring us 
nearer an understanding of the movement of water in plants. The paper is 
quite long as compared with the experimental data, though this is perhaps justi- 
fied by the pioneer nature of the investigation.t' It seems to be quite universal 
in cases of wilting that the younger parts are favored in water supply at the 
expense of the older organs. Investigation proves that there is an actual passage 
of water from the basal to the apical portions, and that the latter transpire at a 
relatively greater rate. This movement is associated with a difference in osmotic 
potential between the base and the apex. The more rapid transpiration of the 
apical parts increases the concentration of the sap in that region, which is relieved 
by a movement of water to that locality. This gradient of sap-density from 
base to apex is correlated with a corresponding turgor gradient. Such facts 
lead the author to take issue with WIESNER, who has regarded a movement of 
water as the determining factor in the emergence of adventitious organs. In 
such cases the author finds an increase in the concentration of the sap in those 
tissues from which the new parts emerge, which of course necessitates a move- 
ment of water in that direction. The difference of osmotic potential in a wilting 
shoot is, qualitatively, initially present and in no case did it appear where not 
initially present. While the law of mass action undoubtedly operates to regulate 
the turgor, the author regards this an inadequate explanation for the relatively 
high constancy of turgor found.—RAyMonpD H. Ponp. 


Growth and respiration during winter.—Simon has studied what he calls 
the separate growth functions (shooting of buds, elongation of roots, callus- 
formation, secondary thickening, etc.) and respiration during the period of winter 
rest.'?, In some cases the suspended activity is autogenous, that is, not neces- 
sitated by external conditions. This is true of buds which rest only one season. 
Those which rest for several seasons do so because the external conditions are 
not suitable for their growth. If at any time during their long rest the proper 
conditions are supplied, growth activity is at once resumed. Such a period of 
inactivity is therefore called aitiogenous. The rest of a majority of the meris- 
tematic tissues is autogenous. The reduced elongation of the root is partially 
autogenous, but to a greater extent aitiogenous, while callus-formation is entirely 
the latter. Respiration does not show a period of rest corresponding to that of 
the growth functions. Under favorable conditions it may be relatively intense. 
If the temperature be raised to about 22° C. the intensity of respiration is found 
at any time during the rest period to be only about 25 per cent. less than at the 
time of its maximum, which is during the active season of the cambium. Res- 


tt PRINGSHEIM, ERNEST, Wasserbewegung und Turgorregulation in welkenden 
Pflanzen. Jahrb. Wiss. Bot. 43:89-144. 1906. 

12 SIMON, SIEGFRIED, Untersuchungen iiber das Verhalten einiger Wachstums- 
funktionen sowie der Atmungstatigkeit der Laubhélzer wahrend der Ruheperiode. 
Jahrb. Wiss. Bot. 43:1-48. 1906. 
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piration reaches its minimum just before the cambium resumes its activity- 
The paper includes a rather extended inspection of the literature —RAYMOND 
H. Ponp. 


Ecology of woodland plants.—WoopHEAD' has investigated the woodland 
plants near Huddersfield, England, and has made an important addition to the 
ecological literature that is rapidly developing in Great Britain. The subject 
is still new enough, however, for the author to preface his paper by a brief account 
of the study of ecology in Britain. The first section of the paper is physio- 
graphic, dealing with the woodland vegetation maps of the various areas under 
consideration. The second section is anatomical, discussing the effect of envi- 
ronment on structure. Under the head of dominant species, there are described 
the leaf, petiole, and rhizome of Pteris aquilina; the leaf, absciss-layer, and 
elongated bulbs of Scilla festalis; and the leaves of Deschampsia flexuosa, Holcus 
mollis, and Vaccinium Myrtillus. Under the head of secondary species, the 
leaves of Heracleum Sphondylium, Lamium Galeobdolon, and Mercurialis perennis 
are described. The vegetation of the Huddersfield district is naturally divided 
into three parallel zones: (1) the moss moor (1700-1000 feet altitude), the most 
exposed zone, dominated by Eriophorum vaginatum or on drier ridges by 
Vaccinium Myrtillus; (2) the millstone-grit plateau (1000-500 feet), with oak 
as the dominant tree, associated with birch and pine; (3) the Coal-measure 
area (500-200 feet), with deep and well-watered humus soil.—J. M. C. 


Phycophaein.—Tswetr finds'+ that phycophaein does not exist as such 
in the living body of the brown algae. He does find, however, that a colorless 
chromogen, soluble in water but insoluble in alcohol, is present. An extract 
made with distilled water contains this chromogen, but owing to its neutral] 
reaction the solution becomes colored very slowly. Extraction with an alkaline 
solvent, such as ordinary tap water, gives a yellow solution, rapidly becoming 
brown by oxidation. Decoloration occurs when the reaction is made acid. 
Extracts of the thallus with 50 to 80 per cent. alcohol remain colorless. This 
work, done in REINKE’s laboratory, sustains his hypothesis of the post-mortem 
origin of phycophaein and refutes the generally accepted notion that it is a 
genuine pigment of the chromatophore. The remainder of the paper outlines 
the author’s method for isolating the several pigments present in the chromato- 
phore. The following are soluble in petroleum ether containing 10 per cent. 
alcohol; carotin, chlorophyllin a, fucoxanthin, and fucoxanthophyl. Chlorophyllin 
y is not soluble in this reagent, but is soluble in alcohol and ether. The natural 
color of the brown algae results from a mixture of these pigments in the chro- 
matophore.—RAyMonD H. Ponp. 

13 WOODHEAD, T. W., Ecology of woodland plants in the neighborhood of Hud- 
dersfield. Jour. Linn. Soc. Bot. 37: 333-406. figs. 70, 1906. ‘ 

14 Tswett, M., Zur Kenntnis der Phaeophyceenfarbstoffe. Ber. Deutsch. Bot. 
Gesells. 24: 235-244. 1906. 














1907] CURRENT LITERATURE 

“Droppers” of Tulipa and Erythronium.—Miss Ropertson'’s has been 
investigating the peculiar descending stolons of Tulipa and Erythronium, which 
are called “droppers” by the gardeners. In her account she makes no mention 
of the work of Riwpacu,'® one of whose papers contains quite an extended 


” 


account of the “‘droppers” of Erythronium, and the other deals with a number 
of genera of the Liliaceae. The summary states that “the power of lateral 
migration to prevent overcrowding, and of descent into the soil for protection 
against frost, drought, and animals, is possessed in some degree by many bulbous 
plants.” The statement includes a fact and its purpose; the former seems evident, 
the latter would be somewhat difficult to demonstrate. The power referred to is 
said to be more highly specialized in Tulipa and Erythronium than usual, and 
hence the structure and behavior of the so-called “‘droppers”’ is of special interest 
“The immature bulb each year produces a single foliage leaf, continued at the 
’ Itseems to be 
a distinct device for distributing bulbs; and the testimony of anatomy is that the 
” is partly axial and partly foliar —J. M. C. 


base into a hollow tube, the ‘dropper,’ enclosing a bulb at its tip.’ 


“dropper 


Laws of heredity classified —DArBISHIRE'? draws a careful distinction 
between the several so-called laws of inheritance now under discussion among 
biologists. He classifies them as statistical and physiological according as they 
are descriptive and deal with mass-results on the one hand, or as they are explan- 
atory and deal with individuals on the other. He places GALTON’s and PEAR- 
SON’s laws in the former category, and Mendelism and the law of diminishing 
contribution in the latter. By the law of diminishing contribution he designates 
the view generally held that an individual inherits more or less from all his ances- 
tors, but less from the more remote than from the more recent. It is main- 
tained that Mendelism is not to be considered alone as a theory, but also as a 
method, and that new details of theory which are worked out by the Mendelian 
method are as much a part of Mendelism as is the original statement made by 
MENDEL. An experiment is outlined which is calculated to test simultaneously 
the truth both of GALTON’s and of MENDEL’s laws, aad it is pointed out that 


the former is true of masses and the latter of individuals—Gro. H. SHULL. 


Radial growth of tree-trunks.—LIGNIER'® has been investigating the growth 
of trees in diameter, following a suggestion made A. DE CANDOLLE in his Physi- 
ologie végétale (1832) that if there could be made a very large number of obser- 
vations of individuals of the same species, an approximate formula of increase 

15 ROBERTSON, AGNES, The “droppers” of Tulipa and Erythronium. Annals of 
Botany 20: 429-440, pls. 31-32. 1906. 

16 Bot. GAZETTE 30:171-188. pl. 13. 1900; 33:401-420. pl. 14. 1902. 
17 DARBISHIRE. A. D., On the difference between physiological and statistical 
laws of heredity. Mem. and Proc. Manchester Lit. Phil. Soc. 50 (no. 11): 44. 1906. 

18 LIGNIER, O., Notes sur l’accroissement radial des troncs. Bull. Soc. Linn. 

Normandie V. 9:181-224. 1905. 
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might be established for each species. and it would be possible to estimate with 
some degree of accuracy the age of a tree from its diameter. From this stand- 
point LIGNIER has investigated Quercus pedunculata, Castanea vulgaris, Sophora 
japonica, and Taxus baccata; and in a less complete way Sequoia gigantea, 
Cedrus Deodora, and Araucaria imbricata. There are three distinct periods in 
the rate of diameter increase: (1) the period of acceleration; (2) the period of 
decline; (3) the final period in which diameter increase is barely perceptible. 
Quercus begins its final period at about 140 years, when the radius is 57.9 °™; 
Castanea at 190 years, with a radius of 74.7°™; Taxus at 150 years, with a radius 
of 25.6°™. For each of the species investigated there is a table which ‘gives the 
age in terms of the radius.—J. M. C. 


Cytology of the Entomophthoraceae.—The preliminary announcement of 
RipDLE’s results was noted in this journal.'® The full paper has now appeared,?° 
Empusa Grylli and several species of Entomophthora were investigated, and 
the writer reaches conclusions somewhat different from those of OLIVE.?!_ The 
nucleus is well developed, there being a chromatin nucleolus surrounded by 
chromatin granules. At division there is a well-developed mitosis, in which, 
however, the chromosomes are formed by a direct aggregation of chromatin 
granules without the formation of a spirem. ‘The spindle is intranuclear, bipolar, 
and without centrosomes. The conidia of Empusa are multinucleate and those 
of Entomophthora uninucleate. The zygospores of Entomophthora are formed 
by the fusion of multinucleate hyphal bodies. In Empusa the zygospores are 
formed by the budding out of a hyphal body. Cytological evidence favors the 
derivation of the Entomophthoraceae from a Mucor-like ancestry.—CHARLES J. 
CHAMBERLAIN. 


Parthenogenesis in Wikstroemia.—WINKLER’s preliminary paper was reviewed 
in this journal,?? and now the completed results have been published.?3 The 
present investigation shows that the embryo develops from the egg without 
fertilization, but whether the egg contains the sporophyte number of chromo- 
somes (52) or the gametophyte number (26) was not determined definitely. It 
is probable that the egg has the sporophyte number of chromosomes. WINKLER 
proposes the phrase somatic parthenogenesis for cases in which the embryo develops 
from an egg with the sporophyte number of chromosomes, and generative parthen- 
ogenesis for cases in which the number has been reduced. He insists that an 
egg is an egg whether it has the reduced number of chromosomes or not. The 


19 Bot. GAZETTE 42:236. 1906. 

20 RIDDLE, LINCOLN, W., On the cytology of the Entomophthoraceae. 
Amer. Acad. 42:177-197. pls. I-3. 1906. 

2t Bot. GAZETTE 41 2192-205, 229-259. 1906. 

22 Bot. GAZETTE 39:236. 1905. 

23 WINKLER, HANS, Ueber Parthenogenesis bei Wikstroemia indica. Ann. 
Buitenzorg II. 5:208-276. pls. 20-23. 1906. 
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paper closes with an interesting discussion of the significance of the reduction 
of chromosomes and its relation to alternation of generations.—CHARLEs J. 
CHAMBERLAIN. 


Legume inoculation.—KELLERMAN and RoBINSON?4 have been investigating 
the conditions under which a particular species of legume might be successfully 
inoculated, and the conditions under which failure to obtain inoculation might 
be expected. A summary of the results is as follows: lime is of decided benefit 
in obtaining successful inoculations of legumes in some soils (often showing an 
acid reaction to litmus): soil extracts serving as culture media often indicate the 
probable success of inoculating a leguminous crop; at least during the first 
season’s growth no general cross-inoculation takes place (bacteria from one 
host, however, may inoculate a physiologically related species); heavy inocula- 
tion by a pure culture increases nodule formation if the soil solution is enriched 
by the excess of culture medium (in a favorable soil, however, a light inoculation 
well-distributed is as effective); thorough aeration is favorable to nodule forma- 
tion. —J. M. C. 


Rate of growth of ‘‘fairy rings.’’—In view of the fact that little is known of 
the length of the life cycle of most of the Basidiomycetes, an observation of 
TuHomas?5 on Hydnum suaveolens is of interest. This fungus forms “fairy 
rings” in forests. Such a ring was observed by THomas in 1896, and at that 
time the radius of the circle was 8.41™. The sporophores of the fungus appeared 
irregularly during the following years, but at no time did those of H. suaveolens 
appear within the circular area once occupied by the mycelium of that fungus. 
In the years 1901, 1902, and 1995 is was again possible to make radial measure- 
ments, when the radius of the circle was 9.54™, 9.92™, and 10. 56™, respectively. 
From the annual increase thus obtained the calculated age of the circle was 
about 45 years. For nearly half a century the mycelium had grown, spreading 
over the area of a fairy ring scarcely 20™ in diameter.—H. HASSELBRING. 


Seedlings of gymnosperms.—HILt and FRAINE have been studying the 
anatomy of the seedlings of Coniferales, and an abstract of their paper has been 
published.2° The general conclusions are that the cotyledonary bundles of 
Cephalotaxus and Taxus exhibit mesarch structure; that the gymnosperms 
as a whole exhibit three varieties of rotation, namely (1) that in which the coty- 
ledonary bundle is endarch throughout and the rotation of the protoxylem is 
very indefinite (as Cephalotaxus), (2) that in which the cotyledon-trace is endarch 
but the rotation of the protoxylem takes place in the hypocotyl (as Cedrus), 


24 KELLERMAN, KARL F., and Rosinson, T. R., Conditions affecting legume 
inoculation. U.S. Dept. Agric., Bur. Pl. Ind., Bull. roo, part viii. pp. 15. pls. 2. 1906. 
25 THOMAS, FR., Die Wachstumsgeschwindigkeit eines Pilzkreises von Hydnum 
suaveolens Scop. Ber. Deutsch. Bot. Gesells. 23:476-478. 1906. 
26 Hitt, T. G., and FRAINE, E. pr, On the seedling structure of gymnosperms. 
Annals of Botany 20:471-473. 1906. 
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and (3) that in which the rotation of the xylem and bifurcation of the phloem 
of the cotyledonary bundle take place in the cotyledon (as Pinus); and that the 
numerous cotyledons obtaining in many plants have been formed by the splitting 
of the preexisting ones.—J. M. C. 


Plant formations at Victoria Falls.—Miss G1Bps?’7 has published an enumera- 
tion of the plants collected in two localities in southern Rhodesia during a period 
of three months. The list is a long one, and the new species are numerous. A 
second part of the paper describes the plant formations in the vicinity of Victoria 
Falls, three distinct regions being recognized: (1) The veldt, or open forest growth, 
which is found throughout southern Rhodesia, extending on both sides of the 
Zambesi River as far as the eye can see; (2) a region limited to the immediate 
banks of the Zambesi and the islands above Victoria Falls, in which Eugenia 
guineensis is dominant; (3) a region including the boy edg2 of Livingstone 
Island and that of the rainy forest in general, dominated by Eugenia cordata. 
The four plates reproduce eight photographs of characteristic plants and plant 
formations.-—J. M. C. 


Aluminum in soil and water cultures—ROoTHER’® gives in preliminary 
form the work done by his pupils on the general relation of plants to aluminum.?8 
The soluble salts of this metal and also to some extent the insoluble phosphates 
will enter the plant from soil and water cultures. Entrance to the plant occurs 
much more readily from the water than from the soil cultures. After entering 
the roots the solutes do not migrate to other tissues but accumulate in the tissues 
of the root, so that on analysis nearly all and in some cases all of the metal found 
is in the roots. Very dilute solutions were found to stimulate growth, while 
the more concentrated ones were toxic.—RAyYMOND H. Ponp. 


Conifers of China.—MAsTERS?° has enumerated the conifers of China. which 
is of special interest since the China-Japan region contains more endemic genera 
of conifers than any other. The 89 species recognized are distributed among 
21 genera as follows: Podocarpus (7), Dacrydium, Cephalotaxus (6), Torreya 
(2), Taxus, Pinus (14, with 2 new species), Larix (7), Pseudolarix, Picea (15, with 
2 new species), Tsuga (5), Pseudotsuga, Keteleeria (4), Abies (8, with a new 
species), Cunninghamia, Taiwania, Cryptomeria, Glyptostrobus, Libocedrus, 
Thuja (2), Cupressus (3), Juniperus (7).—J. M. C. 


Freezing. —What kills a plant when it freezes? Various answers have been 
made to this question, the current one (PFEFFER, Jost) being that death is due 


27 Grpss, Miss L. S., A contribution to the botany of southern Rhodesia. Jour. 
Linn. Soc. Bot. 37: 425-494. pls. 17-20. 1906. 


28 ROTHERT, W., Das Verhalten der Pflanzen gegeniiber dem Aluminium. (Vor. 
Ber.) Bot. Zeit. 64:43-52. 1906. 

20 MAsTERS, MAXWELL T., On the conifers of China. Jour. Linn. Soc. Bot. 
37: 410-424. 1906. 
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to the withdrawal of water. GoRKE goes a step further and shows3° that the 
low temperatures besides producing various analogous changes, lead to intra- 
molecular transpositions in the proteids, which are generally accompanied by a 
precipitation of a part of the dissclved ones; and when such chemical alternations 
surpass a definite limit death ensues.—C. R. B. 


Sap-flow.—WIEGAND gives a useful résumé of the facts and theories in 
regard to the flow of the sap from bleeding trees, especially the maple, to which 
he adds some observations of his own. He holds that the bleeding due to pres- 
sure of expanding gases is inadequate to account for the volume of sap exuded, 
and that the best explanation is the one that ascribes the pressure to the excretion 
of water by cells of the medullary rays, stimulated to activity by rising 
temperature.—C. R. B. 


Glycogen and paraglycogen.—Since MAssArt’s edition of ERRERA’S post- 
humous paper on this subject,3? drawings have been found and copied with 
“scrupulous fidelity.” These are now issued as a supplementary paper.s3 The 
five plates are handsome chromolithographs showing the distribution of glycogen 
and paraglycogen in the rhizopods and flagellates, as well as several groups of 
fungi, including the Myxomycetes.—RAyMmonD H. Ponp. 


Cotyledons of Trollius—RAMALEY4 has found that the petioles of the coty- 
ledons of Trollius albiflorus are united for about half their length, the plumule 
escaping through a slit in this sheath. LuBBock described a similar condition 
in 7. Ledebouri, and it seems to be general throughout Ranunculaceae.—J. M. C. 


Mycorhiza and nitrogen fixation Contrary to the supposition of MULLER, 
MOLLER finds that the dichotomous mycorhiza of the mountain pine is of no 
use in fixing free nitrogen for the tree.*5—RAyMoNnD H. Ponp. 


Anatomy of roots.—Hotm?°® has described and illustrated the anatomical 
structure of the roots of species of Spigelia, Phlox, and Ruellia.—J. M. C. 

3° GorKE, H., Ueber chemische Vorgiinge beim Erfrieren der Pflanzen. Landw. 
Versuchs-Stat. 65:149-160. 1906." 

3t WIEGAND, K. M., Pressure and flow of sap in the maple. Amer. Nat. 40: 
409-453. 1906. 

32 See review in Bot. GAZETTE 41:370. 1906. 

33 ERRERA, LEO, Dessins relatifs au glycogen et au paraglycogen. Recueil de 
l'Institut bot. Bruxelles 1:432-436. pls. 5. 1906. 

34 RAMALEY, FRANCIS, The seed and seedling of the mountain globe-flower. 
Univ. Colorado Studies 3:93-95. figs. 13. 1906. 

35 MOLLER, A., Mykorhizen und Stickstoffernahrung. Ber. Deutsch. Bot. 
Gesells. 24: 230-233. 1906. 

3© HoLm, THEO., The root-structure of Spigelia marilandica L., Phlox ovata L., 
and Ruellia ciliosa Pursh. Amer. Jour. Pharmacy 78:553-559. figs. 5. 1906. 








NEWS 


Dr. E. Grie, curator of the Botanical Museum, has been appointed to a 
professorship in the University of Berlin. 

PRoFessor W. A. KELLERMAN, Ohio State University, will soon make a third 
collecting trip to Guatemala for the purpose of collecting parasitic fungi. 

ALEXANDER W. Evans, Yale University, has been promoted from an assistant 
professorship to the Eaton professorship of botany in the Sheffield Scientific 
School. 

A NEW worK on the botany of California is announced by C. R. Orcutt 
under the title ‘California Plants.’”’ It is to be issued in parts, each containing 
descriptions of about too species. 

Met. T. Cook, recently in charge of the Department of Plant Pathology of 
the Central Agricultural Experiment Station of Cuba, will spend the next few 
months at the New York Botanical Garden. 

Dr. Ernest PritzEer, who has been professor of botany and director of the 
Botanic Garden in the University of Heideiberg since 1872, died on December 3, 
at the age of sixty-one. His researches lay in the field of anatomy and physiology. 


Dr. W. B. MacCattum, assistant in plant physiology in the University of 


Chicago, has been appointed professor of plant physiology in the University of 
Arizona at Tucson. He entered upon his new duties on January 1, which involve 
no teaching, but solely research. The University of Arizona in establishing a 
research position in this line has shown the way to many older institutions. 


Owrnc to the amount of material which has been received for publication, the 
Philippine Journal of Science will be issued in three sections, each separately 
paged and indexed: (a) General Science, (6) Medical Sciences, (c) Botany. The 
section on botany will include all botanical work issued from the Bureau. It 
will not be issued at regular monthly intervals, but as fast as material is available: 
yet each year’s subscription ($2) will cover a sufficient amount of material to 
constitute a fair-sized volume. 








